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Abstract XVI 
ABSTRACT 
The natural characteristics of protected areas have changed for a variety of 
reasons through time. Changes in protected area landscapes can occur 
because of natural and/or cultural processes. Natural processes such as 
geomorphological disturbance and climatic condition can permanently and/or 
temporarily change the characteristics of the environment. In addition, changes 
in human needs, knowledge and activities are the cultural driving forces behind 
changing characteristics of landscape through time.  
These changes can be studied both spatially and temporally. Spatially, 
protected area landscape structures such as shape, size and location with 
respect to their neighbourhood context can be studied to describe landscape 
configuration. Temporally, landscape functions such as different geographical 
locations and land characteristics can be studied to determine the rate of 
temporal variability in landscape. Any changes in temporal characteristics may 
lead to changes in spatial characteristics of protected areas and vice versa.  
This thesis has developed a framework to enhance the landscape ecological 
planning approach with attention to changes in landscapes of protected areas. 
Considering landscape ecological concepts, this framework draws upon spatial 
and temporal characteristics of protected areas. Initially, a basic model of the 
landscape ecological approach to protected area planning and data 
requirements for landscape ecological planning was developed according to the 
concept of landscape ecological planning. In order to examine the model in the 
real world, the data requirements for landscape ecological planning were 
implemented using a case study method. The basic list of data required for 
landscape ecological planning was further developed through the case study 
approach by highlighting the importance of road metrics in the process of 
planning. In addition, the case study approach proved that spatial and temporal 
metrics can be used in the interpretation of spatial configuration and temporal 
variability of protected areas through a quantitative method. The framework was 
developed for three case studies in Iran and three case studies in Australia. A 
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Abstract XVII 
number of metrics were applied in order to quantify spatial and temporal 
aspects of the protected areas. A list of spatial and temporal criteria was 
developed to assist interpretation of area compaction, spatial fragmentation and 
temporal variability of protected areas.  
Using the criteria list, a new framework for spatial and temporal evaluation of 
protected areas has been developed. This can be used to determine spatial and 
temporal management issues of protected areas at the landscape scale. Then 
planning scenarios for spatial and temporal issues of protected areas at the 
landscape scale can be suggested. The developed framework has the potential 
to be applied to all protected areas even where detailed ecological data and 
information are not available. In addition, when all data required are available, 
the developed framework using spatial and temporal metrics has the potential to 
suggest a flexible zoning plan for protected areas.   
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Chapter 1 - Introduction 1 
CHAPTER 1   
INTRODUCTION 
1.1  Introduction 
This thesis will seek to establish a planning process model for protected area 
planning based on landscape ecological concepts with attention to spatial and 
temporal aspects of that area.  
Planning is a process by which agreement is reached on the ways in which problems 
are to be debated and resolved (Cullingworth & Caves, 2003). It is the outcome of 
rational thinking and reasoning, of resolving conflicts and problems, and of perceiving 
space and time (Schmid, 2004). When it comes to protected areas, planning means 
considering the park’s management issues, such as, developing recreational areas, 
reserving vulnerable areas, developing the area of reserve or deciding on the 
location of roads.  
The most widely used approach in professional practice for ecologically based land 
use planning is landscape suitability. Other ecological approaches borrow their 
fundamental concepts and techniques from landscape suitability (Ndubisi, 2002). 
Landscape suitability considers past, present and some prediction of the future of the 
environmental characteristics of the areas under study. These can include some data 
and information about spatial and temporal characteristics of protected area 
landscapes such as size, shape, temperature and visitation patterns (Miller, 1978; 
FAO, 1988; McHarg, 1997; Thomas & Middleton, 2003).  
This research project is based on ecological planning concepts but will give more 
attention to the spatial and temporal characteristics of protected areas in their 
neighbourhood context within the surrounding areas. Landscape ecological planning 
is a new approach to planning in natural areas (Bech et al., 1999). A landscape 
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ecological planning approach considering current societal, environmental, and 
economic problems, focuses on spatial and temporal scales in the landscape (Ahern, 
1999; Giles, 2000, Juma & Wien, 2003; Ndubisi, 2002). This research project will 
consider a certain range of temporal issues, as well as size and shape of protected 
areas and the proximity of protected areas to other land uses in the process of 
planning for protected areas. These issues will be considered on the basis of a 
landscape ecological approach in a case study approach. The case studies will be 
selected from two countries, Iran and Australia. These will cover a range of park 
management issues in two countries with different protected areas management 
systems.  
1.1.1 Aim and research questions  
The aim of this thesis is to develop a framework to enhance the landscape 
ecological approach to protected area planning, using spatial and temporal 
metrics. This aim raises a number of research questions that will be addressed 
in this study. These research questions include: 
- For what purposes are protected areas planned for? How have these 
purposes changed over time? How have planning approaches for 
protected areas changed over time? 
- What are the various contemporary approaches to planning for 
protected areas? 
- How does the shape and context of a protected area influence how it is 
managed? 
- What are the temporal issues that impact on protected area planning? 
Over what time scales should planners be considering these temporal 
changes? 
- How can the shape, context and temporal changes that take place in a 
protected area be considered in contemporary protected area planning? 
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1.2  Rationale 
Natural areas have been persevered for many centuries and for many and varied 
reasons, such as, persevering as sacred sites in India and hunting grounds in Europe 
(Eagle et al., 2002). However, protected area management objectives have changed 
from food, holy purposes, hunting or recreation to multiple management objectives to 
cover human needs in a sustainable manner and protection of nature and biodiversity 
(Mirkarimi & Arrowsmith, 2005). Nowadays, people manage protected areas to 
provide and protect many aspects of nature’s effects and functions as: 
a safeguard in terms of natural wealth, natural beauty and cultural 
significance, 
a reserve for biodiversity and genetic variation, 
a home for human communities with traditional cultures, 
evidence of human interaction with the environment, 
a natural area for research, educational and recreational needs, 
a resource to provide benefits to local and national economies, and 
a model of sustainable development planning to be applied elsewhere 
(Bishop et al., 1995). 
This has led to the recognition of the importance of protected area planning. Global 
consciousness of the decrease and loss of biodiversity and natural resources in 
combination with increasing demands placed on these resources, including 
increasing recreational demands, has led to a conservation movement throughout 
the world demanding better planning for protected areas. Long-term mismanagement 
of Yellowstone National Park in the U.S.A. has led to severe overgrazing by elk and 
bison (Goodson, 2002). In Australia, undesirable effects on the environment have 
resulted from a heavy concentration of tourist activities in the northern Grampians 
National Park (Arrowsmith, 2003). Generally, demands for improved protected area 
management and planning have increased worldwide. 
Protected area planning processes now incorporate elements of conservation (for 
example, ability to use aspects within a protected area) rather than preservation (for 
example, not using a protected area at all). According to Borrie et al. (1998), with the 
increasing variety of people’s interest and needs, protected area planning aims and 
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policies need to be changed. This leads to new aspects in the field of protected area 
planning. These new aspects rely on different branches of knowledge such as policy 
making, economics, sociology, landscape ecology and architecture, which not only 
must resolve complex management problems, but must also increase the value of 
the areas in all aspects such as biological diversity, and recreational, educational and 
research opportunities. In other words, managers now should balance recreational 
and traditional use with consideration for preserving biological diversity, aesthetic 
values, ecological processes and habitats for endangered species. A combination of 
a wider range of goals into protected area management raises the need for models 
for planning approaches with attention to the environmental characteristics of the 
surrounding areas.  
Generally, protected areas throughout the world are core zones for conserving 
genetic resources, natural monuments and landscape aesthetics. Since they are 
located in different geographical areas, they have their own landscape characteristics 
and management issues. A planning approach should incorporate characteristics of 
protected areas at the landscape scale (see chapter four for a complete definition of 
landscape). A protected area planning framework should incorporate spatial 
management issues in relation to the surrounding areas, such as, the effect of 
proximity of protected areas to urban areas. In addition, a planning approach should 
incorporate temporal changes in the landscape. It should incorporate the necessity 
for different plans for different seasons at landscape scale. This research project 
intends to develop a planning framework considering spatial and temporal 
characteristics of protected areas in their surrounding landscape. Therefore, the 
research can be based on landscape ecological planning concepts. The theoretical 
concepts of the research will be examined using a case study method.  
1.3  Methodology 
The main objective of this research project is to develop a planning framework for 
protected areas based on landscape ecological planning concepts. The planning 
framework will take into consideration the shape of protected areas, the proximity to 
urban regions and the effect of seasonality. It is here that the research was 
conceived in terms of protected areas and landscape ecological planning.  
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A literature review of pertinent international journal articles, books, conferences, 
proceedings and online resources will be carried out. The area of knowledge and 
experience related to different kinds of protected areas will be reviewed particularly in 
relation to management aims and objectives as well as planning, ecological planning 
and landscape ecological planning for protected areas. The basic principle regarding 
how protected areas have been previously managed based on the International 
Union for the Conservation of Nature and Natural Resources (IUCN) guidelines will 
be reviewed (for example, Guidelines for Protected Area Management Categories 
(IUCN, 1994), National System Planning for Protected Areas (Devay, 1998), 
Management Guidelines for IUCN Category V Protected Areas: Protected 
Landscape/Seascapes (Phillips 2002), Guidelines for Management Planning of 
Protected Areas (Thomas & Middleton, 2003)).  
This research project has been organised into chapters linked to their respective 
research tasks to answer the research questions. In chapter two the history of 
protected area planning as well as objectives of protected area management will be 
described. Contemporary planning approaches and ecological planning will be 
documented in chapter three. The process and data requirements for planning for 
protected areas will be discussed in this chapter. Landscape ecological planning will 
be discussed in chapter four. The influences of different shapes of protected areas, 
the effect of the proximity to an urban area and the importance of the temporal issues 
in protected areas will also be discussed in this chapter. Ecological planning 
approaches to protected areas will be summarised in this chapter and will provide a 
basic model of the data requirements and planning process for landscape ecological 
planning for protected areas. In chapter five, a case study method will be used to 
determine what spatial/temporal data are actually important in protected area 
management. Two groups of case studies will be selected from Iran and Australia. 
Each group will include a number of protected areas. Each research area will be 
studied separately using a case-oriented approach. Robson (1995) believes case 
study research can involve an empirical investigation of a particular contemporary 
phenomenon within a real case using multiple sources of evidence. Variable data will 
be collected and calculated from different documents, reports, online pages, books 
and journal articles. A comparative study can help to finalise the basic model of data 
requirements for landscape ecological planning for protected areas. The case studies 
will be compared for their management plans, environmental characteristics and 
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spatial/temporal aspects. The results can help to determine what spatial and 
temporal aspects of the case studies are important for protected area planning. This 
can lead to a new set of spatial/temporal data requirements for the case studies. The 
new set of spatial/temporal data will be determined in chapter six. The basic 
framework of a landscape ecological planning approach for protected areas will be 
further developed based on the new set of spatial/temporal data. The research will be 
evaluated in chapter seven.  
The following summary illustrates how the research tasks are linked to the research 
chapters.  
Chapter 2: 
Task one: Defining a protected area  
- A literature review on the history of protected area planning; 
- Determining the reason(s) behind protected area planning. 
Chapter 3: 
Task two: Verifying the contemporary planning approaches to protected 
areas 
- A literature review on contemporary planning approaches to protected 
areas;  
- Verifying data requirements for the contemporary planning approaches 
to protected areas; 
- Verifying the process and data requirements for planning for protected 
areas. 
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Chapter 4: 
Task three: Verifying the landscape ecological planning for protected 
areas 
- A literature review on landscape ecological planning;  
- Verifying data requirements for landscape ecological planning 
approaches to protected area planning; 
- Verifying the process of landscape ecological planning approaches to 
protected area planning; 
- Comparing the contemporary approach to the landscape ecological 
planning approach; 
- Summarising landscape ecological planning theories for protected 
areas in a basic model of planning process.  
Chapter 5: 
Task four: Examining the case studies  
- Examining the characteristics of three Iranian protected areas of 
different aspects such as location, physical features, vegetation, wildlife, 
geology, climate condition, recreational use. Examining the same 
characteristics for three protected areas in Australia;  
- Examining the planning approach used for the areas under study; 
- Verifying management issues of the case studies; 
- Determining similarities and disparities between the environmental 
characteristics and planning approaches of the case studies and their 
management issues. 
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Task five: Verifying spatial/temporal data requirements for the case 
studies  
- Verifying spatial/temporal aspects of the case studies based on each 
protected area’s environmental characteristics and management issues;  
- Verifying any usage of spatial and temporal data (season, shape, 
diameter and proximity to the urban area) in the current planning process 
of the areas under study; 
- Determining a list of spatial/temporal data requirements for the case 
studies.  
Chapter 6: 
Task six: Determining spatial and temporal data for the case studies  
- Determining spatial characteristics with analysis tools provided by 
Geographical Information System (GIS); 
- Determining temporal characteristics with analysis tools provided by 
GIS; 
- Analysing relationships between the spatial/temporal aspects and the 
areas’ issues, such as, relation between shape/diameter of an area and 
management issues, number of tourists and proximity to the city and/or 
weather conditions; 
- Developing the basic model of planning process and data requirements 
for a landscape ecological planning approach based on the result of the 
case study approach. 
Chapters 7 and 8: 
Task seven: Finalising the research  
- Evaluating the planning approach; 
- Determining further related research.  
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 1 - Introduction 9 
Diagram 1.1 shows the methodology process of the research: 
 
   
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 Methodology process diagram  
1.4  Conclusion  
The research description and rationale were described in this chapter. In addition, the 
research methodology was discussed. However, detailed research methods will be 
discussed in the following chapters. Chapter two provides a historical review of 
protected area planning. It will be documented how protected area planning 
objectives have changed through time. In addition, this chapter will show the 
relationship between changes in objectives of planning and changes in protected 
area planning approaches.   
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CHAPTER 2  
A HISTORY OF PROTECTED AREA PLANNING 
2.1  Introduction 
The first Earth Day in 1970 was not the beginning of concern by humankind for the 
protection of nature. People have protected natural areas for thousands of years. The 
reasons for the protection have changed with time based on human needs and 
knowledge.  
There is much literature regarding the history of protected areas and planning. 
Among them Holdgate (1999), in his book “The Green Web”, wrote a historical 
account of international actions for conservation during the span of time between 
1948 and 1998. Sellars (1997) wrote about the history of national park creation in 
“Preserving Nature in the National Parks: A History”. In 1980, Kenton Miller in 
“Planning National Parks for Ecodevelopment” wrote about national park 
management and planning based on Latin America’s planning experiences. In this 
chapter, these references will be used, with additional material, to show the changing 
philosophy of protected area planning over time.  
The main aim of this chapter is to present the reasons behind the planning for 
protected areas. The following questions will be discussed in this chapter:  
- What is a protected area? 
- What is the history of planning for protected areas? 
- What are the reasons for planning? Have these reasons changed 
through time?  
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- What are the current aims and objectives of planning for protected 
areas? 
2.2  Protecting nature 
People are dependent on nature; it is necessary for the provision of food, water and 
shelter as well as recreational and commercial needs. In addition, nature is 
necessary for the preservation of species and biodiversity richness. As a result, 
natural areas have been protected for thousands of years, but the reasons for 
protection have changed over time. For example, people used to hunt and gather 
food from their territory before they started to settle on the first farm in the rich 
breeding-grounds for agriculture in Mesopotamia in the Middle East about 10500 
years ago (Cutter et al., 1991; Holdgate, 1999; Holechek et al., 2000; Makhdoum, 
1999; Martin, 2004). About 500 BC, Xerxes (Khashayar Shah, a Persian king) on his 
way to Asia Minor passed through a beautiful cypress forest. He ordered the 
protection of the forest by his royal army as an area for concealment in times of war 
(Yakhkashi, 2002). In India, specific areas were conserved more than two thousand 
years ago as sacred sites for the protection of forests and animals (Holdgate, 1999). 
There are ancient sacred sites and protected forests in the Pacific region, West 
African countries, China, and Nepal (Holdgate, 1999; Mulongoy & Chape 2004). 
Furthermore, the protection of nature reserves for hunting has been in practice for 
more than a thousand years in Europe (Eagles et al., 2002; Mulongoy and Chape 
2004). In addition, natural areas have been protected for timber, water, birds and 
game animals from about 500 years ago in Europe (Holdgate, 1999). Generally, the 
reasons for protection have not always been the preservation of nature and its 
structure. 
People use the environment for their needs. In many cases, the environment has 
been changed by humans. For example, Australian Aborigines used fire as a tool to 
control their environment. Aboriginal people’s use of fire has probably spanned at 
least 30,000 years (Williams, 2002). The use of fire was mostly for hunting, cooking 
and warmth. In addition, they may have used fire for warfare, promoting growth of 
food plants and protection against snakes and insects as well as promoting green 
flush to attract animals, signalling and extending man’s habitat (Williams, 2002). 
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Ancient farmers changed the natural environment in Iran about 9000 years ago by 
introducing domestic animals such as sheep and goats (Holdgate, 1999; Makhdoum, 
1999). Since the beginning of the industrial revolution around 1750, humankind has 
changed the ecosystem's structure more than any other native species (IUCN, 1994). 
Climate, natural systems, cultivated systems and degraded systems have changed. 
Nowadays, many environmental problems have appeared in the world because of 
changes in the environment caused by humankind (Miller, 2002).  
2.3  Early stages of nature protection 
With the expansion of industrialisation in the early nineteenth century, in the so-called 
‘progressive era’, awareness of the danger of resource waste increased (Holdgate, 
1999; Holechek et al., 2000). University studies were established to educate 
professional resource managers. Also, the harvesting of wildlife and other resources 
was limited (Cortner & Moote, 1999). In addition, in the progressive era the idea of 
living close to nature for aesthetic enjoyment became important (Hutton & Connors, 
1999). In other words, the stimulus promoting the protection of nature resulted from 
three major factors: the beginning of a literary period emphasising the relationship 
between human beings and the environment, the exploration of knowledge about 
nature and the destructive exploitation of natural resources. These factors caused 
greater concern for the conservation of nature in the years to come (Holdgate, 1999).  
The ‘conservation movement’ started in the North American West when Marsh wrote 
“Man and Nature” in 1864 (Cortner & Moote, 1999; Holdgate 1999). Marsh warned in 
his book about the dangers of destroying nature (Holechek et al., 2000; Lowenthal, 
1965). A smaller movement, ‘the preservation movement’, had also started alongside 
the conservation movement (Cortner & Moote, 1999; Holdgate, 1999; Holechek et 
al., 2000; Takacs, 1996).  
The two movements tried to keep national forest and public parks under community 
ownership. In the U.S.A., Gifford Pinchot was the leader of the new conservationists 
and John Muir was the leader of the preservation movement (Cortner & Moote, 1999; 
Holdgate, 1999; Hutton & Connors, 1999). The disagreement between Pinchot and 
Muir over the grazing of sheep in the national forests is a convenient marker to 
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distinguish the difference between conservation and preservation (Cortner & Moote, 
1999).  
Preservationists wanted the complete protection of natural resources in a zoned 
area, with no, or very little, human interference (Cortner & Moote, 1999; Holdgate, 
1999; Holechek et al., 2000; Takacs, 1996). Preservationists were perhaps the 
driving force behind the creation of more preservative aim protected areas, such as, 
‘wildlife reserves’, ‘national monuments’, ‘nature reserves’ and ‘primitives areas’ 
(Holdgate, 1999; Hutton & Connors, 1999; Worboys et al., 2001).  
The term ‘conservation’ implies the managed use of the environment and 
conservationists believe in a scientifically based use of a park (Cortner & Moote, 
1999; Holdgate 1999). Conservation involves the use of the principle of ‘sustained 
yield’. Sustained yield or maximum sustained yield is defined as the continuous 
utilization of the land with a balance between minimising degradation and maximising 
harvesting. The term ‘sustained yield’ was a fundamental theory of public enjoyment 
and profit aims in the parks (Cutter et al., 1991). Conservationists mainly put forward 
management policies for ‘national parks’ (Holdgate, 1999; Hutton & Connors, 1999; 
Worboys et al., 2001). 
2.4  The first new protected areas 
The first national park in the world, Yellowstone, was established in 1872. The idea of 
establishing Yellowstone was put forward by members of the Washburn-Doane 
Expedition, a party organized to investigate tales of scenic wonders in the area in 
1870 (Holechek et al., 2000; Ise, 1979; Machlis & Field, 2000; Miller, 1987; Sellars, 
1997). As the first conservation based park, Lieutenant Gustavus Doane advised the 
U.S.A. Congress about the Park as an area for scientific research and as a protected 
wilderness for recreation (Holdgate, 1999).  
The protection of wilderness national parks in the U.S.A. had a powerful international 
influence on the creation of different types of protected areas (Holdgate, 1999; 
Wright, 1996). Subsequently, many countries started to establish national parks 
(Holdgate, 1999; McNeely et al., 1994). In 1879, Australia established the Royal 
National Park in New South Wales (Worboys et al., 2001), Canada followed with 
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Banff in 1885, and in 1894 Tangariro was established in New Zealand (Holdgate, 
1999; Hutton & Connors, 1999). However, the objective of the establishment of 
national parks changed in other countries, such as in the European countries, 
because of their different characteristics (Holdgate, 1999). Six national parks were 
established in Sweden in 1909. In Sweden, the reserves were smaller, and were 
established to protect natural beauty, fauna and flora rather than being large and 
natural areas such as in the U.S.A. (Eagle et al., 2002; Holdgate, 1999). Generally, 
the term ‘national park’ has come to be known as an area to conserve the scenery, 
nature and the wildlife therein and for the benefit and enjoyment of the people and 
future generations (Eagles et al., 2002; Forster, 1973; Miller, 1987).  
2.5  Planning for public enjoyment 
The concept of sustained yield was a key concept in planning for public enjoyment 
and profit in the parks. The idea of enjoyment was probably implicit and involved 
resource-based activities such as viewing, hiking, swimming and sport fishing 
(Eagles et al., 2002; Forster, 1973; Holechek et al., 2000; Hutton & Connors, 1999; 
Sellars, 1997; Worboys et al., 2001). The idea of preserving for the benefit of people 
brought more material conveniences and physical comforts for people in the parks. 
National parks were considered as a new kind of land use: a land use for public 
enjoyment, health, pleasure, benefit, recreation, and as a popular destination for 
vacationers, or for escaping the summer heat of cities. In the U.S.A., millions of 
tourists went to parks (Hutton & Connors, 1999; Sellars, 1997). Hotels, cabins and 
other accommodation were built inside the parks, and managers of the parks became 
involved in design, construction and maintenance of park facilities such as roads, 
tracks, restaurants, campgrounds, garbage dumps, electric light, telephone, 
plumbing, sewage and sanitation and security. In other words, a commercial 
perception was forming, to increase the number of tourists and the amount of 
development, as a natural resource management principle (Ise, 1979; Machlis & 
Field, 2000; Sellars, 1997).  
Tourism and public recreation as utilitarian principles in park management, provided 
awareness of ecological matters for the future (Sellars, 1997). The term ‘ecology’ was 
used first by Ernst Haeckel in 1866 to describe the web of relationships between 
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organisms and their environment, and to show the necessity of a nature-based view 
of land issues (Holdgate, 1999). However, in the early twentieth century, 
management policy was not based on ecological science principles. In some cases, 
predator animals such as wolves, cougars, lynx and foxes were considered 
undesirable inside the parks and were killed. There was a belief that they were 
dangerous for tourists and game species. Conversely, game species were 
considered a significant resource for public enjoyment and, as a result, more 
emphasis was put on the protection of their populations (Ise, 1979; Sellars, 1997).  
However, in some cases, the size of parks was increased to preserve a much larger 
area than necessary for public recreational use (Sellars, 1997). For example, 
Yosemite was established in 1890 in the U.S.A. in order to protect the catchment of 
the Tuolumne River (Yosemite National Park, 2004). Inside the parks, protection of 
forests and grasslands became special management concerns. Plant disease 
control, fire suppression and protecting the parks from grazing, as well as fighting 
poachers and insect control quickly emerged as primary objectives in park 
management. In other words, the mandates of conservation in park planning were 
not so much those of biologists and other natural scientists; there seems to have 
been no serious concerns for protecting the natural environment (Ise, 1979; Sellars, 
1997). In fact, park management had started with forestry, in which nature was to be 
used wisely as a resource for human needs (Takacs, 1996) and later the main 
interest was the development and protection of nature for public enjoyment.  
2.6  Planning for the protection of nature  
Fortunately, in the early decades of national park management, the danger of too 
much development was recognized in park management policy. Commercial 
exploitation of a park was a known cause of destruction of its natural resources. 
Therefore, park management started to reform its policies, and to base them on the 
protection of natural scenery, historic objects and fauna and flora protection (Sellars, 
1997). Some acts and laws were enacted, scientific research was undertaken, 
conventions to protect animals were adopted, and national societies were 
established to protect wildlife and nature (Ise, 1979; Holdgate, 1999; Sellars, 1997). 
For example, in Australia, the First Birds Protection Act was enacted in 1901 (Hutton 
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& Connors, 1999). The first conference for the protection of birds was established in 
Paris in 1895. An early nature based park management policy was held before the 
end of the century (Holdgate, 1999).  
2.7  A harmonious plan 
In the 1920s, the term ‘park planning’ gradually emerged to mean complete and 
comprehensive ‘plans’ and ‘guidelines’ for the placement of roads, tracks, tourist 
accommodation, administrative facilities and passenger traffic into and out of the 
park. In addition, with the emerging scientific investigations as a basis for the park 
management policy to assist ‘forestry’, park planning aimed at developing the park 
for public enjoyment without destroying its beauty. Some other methods were 
propounded to manage parks differently to forestry. ‘Engineering’ and ‘landscape 
architecture’ emerged as disciplines in the design of new facilities to be in harmony 
with the natural elements (Ise, 1979; Sellars, 1997).  
Harmonious development of public accommodation was a means of keeping parks 
unimpaired. There was a concern about the difference between proper development 
and harmful over-development. There was an argument that the parks be kept free 
from business-based development, and industrial uses such as dams, mining and 
power plants. Park management policy encountered two key concerns including the 
importance of development, and development compatible with maintaining natural 
resources for future generations. In other words, the concern of using parks without 
compromising them for future generations came into being (Sellars, 1997).   
2.8  The ecological approach to protecting natural areas 
In the 1940s, the concepts of ‘wildlife management’, ‘wildlife biology’ and ‘education’ 
were added to the park management literature (Sellars, 1997). These disciplines 
created a basis for introducing an actual ‘ecological approach’ in park management. 
In fact, ecologists and biologists reviewed and commented on details such as 
placement of roads, tracks and accommodation, the impacts of development on 
wildlife and their habitats, and the means by which to keep impacts at a minimum or 
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limit development of the park. Unlike the vision of landscape architects and foresters, 
the wildlife biologist’s perspective of national park management was truly 
revolutionary, and had a considerable impact on the world’s natural environment 
protection movement by increasing public awareness of ecological consequences of 
park development and use. Attention on wildlife issues increased, and 
comprehensive park management plans, or so called ‘master plans’, included more 
information about natural resources, rather than facilities placement information. In 
addition to the prohibition on introducing non-native species to parks, predator animal 
control policies were limited. Gradually a national park became redefined as a safe 
place for the various animals and plants, a system that is greatly valued both for its 
scenery and its biological richness (Miller, 1987; Sellars, 1997).  
The phrase ‘core zone’ and ‘nature sanctuaries’ emerged in park management 
planning literature. The goal became to conserve wilderness in all non-developed 
areas within the parks. Later, in the U.S.A., instead of wilderness areas, ‘research 
reserves’ were established within the national parks to be used for scientific research 
(Sellars, 1997). These research reserves were established as the most naturally 
preserved areas within the national parks. In addition, to save some particular 
animals’ habitats the idea of a ‘buffer zone’ emerged in park management. 
Furthermore, the management policy changed to preserving almost all kinds of 
natural resources value in the parks for the future. Development was recognised as a 
cause of destruction of natural conditions and so the benefits of managing naturally 
were recognised. To protect the primitive natural areas ‘national primeval parks’ were 
established (Sellars, 1997). A national primeval park was a large reserve area for 
fauna and flora only, without any development for recreation.  
With a more scientific viewpoint and ecological concepts on the one hand, and fewer 
artificial development and management models on the other, national parks started 
to change from zoological parks for public enjoyment to more natural self-sustaining 
parks. The term ‘conservation by development’ emerged in the management of 
natural areas. National park development adopted ‘sustained preservation’ as its 
goal, and so visitors were limited to using certain areas only to limit their impact on 
the parks. The recreational activities were planned to be expanded in the areas 
outside the national parks to decrease the visitors’ pressure on the resources of the 
national parks (Miller, 1987; Sellars, 1997).  
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Different kinds of parks developed with different kinds of park management systems. 
For example, in the U.S.A., ‘historic’ and ‘archaeological sites’, ‘reservoirs’, ‘national 
parkways’, ‘memorials’, ‘local’ and ‘state parks’ were designated. In fact, to relieve 
harmful development and tourism pressure on national parks, in addition to urban 
parks, local and state parks were established aimed mainly at recreational activities 
(Ise, 1979; Sellars, 1997).  
In 1933, the term ‘strict nature reserve’ was defined in the Convention Relative to the 
Preservation of Fauna and Flora in their Natural State (in Africa), signed in London. A 
‘strict nature reserve’ was defined as an area under public control without any 
artificial activities or utilization, and in which scientific research may be undertaken by 
permission (Miller, 1987). Three other terms, ‘national reserve’, ‘nature monument’ 
and ‘strict wilderness reserve’, were defined in a convention in 1942 in Washington 
D.C.: the Convention on Nature Protection and Wildlife Preservation in the Western 
Hemisphere (Miller, 1987). These terms emerged in the discussion to protect 
different alternative types of conserved natural areas. The new types of public parks 
had different management systems to the national parks, and were defined 
differently. However, the trend for parks establishment faced stagnancy with the 
beginning of the Second World War. 
Like the First World War, the Second World War (1939-1945) brought negative 
impacts on park resources especially in the countries that were involved in the war 
(Holdgate, 1999). There was a remarkable decrease in park tourism after each war 
began. Forests were cut for timber in many parks and livestock grazing in the parks 
increased. For example, Sitka spruce (the tallest conifer, Picea sitchensis) in the 
Olympic National Park in the U.S.A. was cut for its timber for aeroplanes (Ise, 1979). 
The end of the Second World War brought a rapid increase in the number of park 
visitors, so planning for development of the parks to meet the needs of tourism began 
once more. In the U.S.A., for example, the number of architects and engineers 
increased in the national parks management system, and as a result national parks 
tended to be modernised and urbanised more than ever before (Hutton & Connors, 
1999; Sellars, 1997). 
In 1944, the United Nations was established with a series of specialised agencies. 
Among them, the Educational, Scientific and Cultural Organization (UNESCO) was 
responsible for research and education. In 1948, UNESCO, through its emphasis on 
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the link between conservation and ecological science, was the driving force behind 
the creation of the International Union for the Preservation of Nature (IUPN). There 
were many national societies and organizations concerned with protecting natural 
areas or creating national parks before 1948, but the IUPN was created as the first 
international organization to enhance the capacity for the conservation of the integrity 
and diversity of nature throughout the world by sharing the world’s knowledge of 
individuals and national organizations of nature conservation. In 1956 the IUPN 
evolved into the International Union for the Conservation of Nature and Natural 
Resources (IUCN) in order to highlight the term ‘conservation’ in the development 
and management policy of natural areas (Forster, 1973; IUCN, 1994; Holdgate, 
1999; Miller, 1987).   
The importance of protected areas as models of nature-based management was 
considered by the United Nations. In 1959, IUCN, UNESCO, the Economic and 
Social Council, and the Food and Agriculture Organization of the United Nations 
(FAO) established a list of the world’s ‘national parks and equivalent areas’ with a 
brief description of each. The term ‘national parks and equivalent areas’ was applied 
to areas that were managed under a legal status protecting them from all natural 
resource exploitation by humans and from any other threat to the quality of the area. 
An area that was smaller than 500 hectares was not included for countries with more 
than 50 inhabitants per square kilometre. In countries with less population density the 
minimum size was 2000 hectares. The first edition of the list was published in 1962, 
including the specification of name, size, staff and budget of parks in eighty-one 
countries (Barclay, 1998; Forster, 1973; Miller, 1987). 
During the 1970s and 1980s ‘ecology’ as a discipline came into its own, giving 
impetus to understanding the Earth and its systems and processes in a more holistic 
way (Pirot et al., 2000). In the same period of time, parks and reserves became 
islands of preserved nature in the middle of developed landscapes with separate 
landscape management systems. In some cases, the differences between 
landscapes inside and outside the protected areas have led to increased pressure on 
park resources, for example, demand for parks’ timber and plants have increased. 
Therefore, the ecological, economic and cultural relationships between parks and 
rural areas emerged as concerns to be taken into consideration in planning (Forster, 
1973; Sellars, 1997).  
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In the seventh decade of the twentieth century, the importance of classification of 
conservation policies in protected areas was emphasised. In 1962, the "First World 
Conference on National Parks" was held in Seattle to establish a more effective 
international understanding of national parks and to encourage further development 
of the national park movement on a worldwide scale. The overall consensus was that 
national parks are internationally significant (IUCN, 2004a). The IUCN in its Tenth 
General Assembly, in 1969, when presenting a general definition of national parks 
emphasised that each country may have a different policy in national park 
management (Miller, 1987). National parks were defined as a large unaltered natural 
area that can be used for tourism under special guidance for recreation, education, 
cultural and research purposes (Sellars, 1997).  
In 1972, the “Second World Conference on National Parks” was held in Yellowstone 
National Park. By this year, the nations of the world could count more than 1,200 
national parks or equivalent reserves, all set aside in accordance with the idea 
conceived at Yellowstone (IUCN, 2004b). Issues discussed at the conference 
included the effects of tourism in protected areas, broad aspects of park planning and 
management, opportunities to expand and improve the global park system, and the 
needs and benefits of public support for national parks and equivalent reserves 
(IUCN, 2004b). 
In the same year, the IUCN classified national park areas into two major categories: 
‘natural areas’ and ‘cultural areas’. Natural areas were classified into four 
subcategories: ‘strict natural areas, ‘managed natural areas’, ‘wilderness areas’ and 
‘natural environment recreation areas’. Cultural areas were classified into ‘cultivated 
landscape’, ‘archaeological’ or ‘historic sites’ and ‘anthropological areas’. The areas 
for mainly recreational activities were separated from national park areas. In addition, 
the need for a revised set of criteria for parks management and planning was 
emphasised (Forster, 1973).  
In 1973, the IUCN published a guideline called “Planning for Man and Nature in 
National Parks: reconciling preparation and use”. This guideline was first initiated in 
1968 with the assistance of IUCN’s Landscape Planning Commission, Harvard 
University and the Conservation Foundation of U.S.A. (Forster, 1973). This guideline 
brought new criteria for national parks planning by specifying what benefits or what 
kinds of enjoyment should be considered in park management policy. For example, 
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any artificial entertainment such as complex road networks, powerboats, power 
toboggans and camping trailers with televisions were recognized as unnecessary in 
the recreational zone of national parks.   
The protection of the wilderness and its assets was still considered necessary for the 
attraction of tourism in the park management system. In other words, in the master 
plan, in the process of planning or ‘zoning’ involving isolating intensive use areas 
from wilderness areas, wilderness areas were determined as areas without 
development rather than areas for the protection of specific species (Sellars, 1997). 
In addition, ‘environmental education’, ‘visitor safety’, ‘Environmental impact 
statement’ and ‘land classification’ emerged in park management policy. With 
expanding ecological understanding of parks, ‘biotic community’ and ‘ecological 
scenes’ of parks were advocated. Inside the parks, any changes in natural landscape 
and scenery from human influences were limited (Sellars, 1997). A complete 
ecosystem was considered as a base for natural area planning. A new concept for 
preserving natural areas was introduced (Forster, 1973; Miller, 1987; Sellars, 1997).  
‘Ecological management’ was considered essential for actual nature-based 
management. ‘Scenic preservation’ in preserved protected areas and ‘tourism 
management’ in conserved areas were recognised as incomplete and inefficient. 
Considering the dynamism and complexity of parks’ natural systems, it was identified 
that more scientific research was necessary for proper management. National parks 
management and planning redefined the ecological program through systematic 
research planning. Data was gathered involving animals, plants and other natural 
elements, and visitors, because of the need to analyse historic changes, existing 
natural conditions, and descriptions of current and anticipated natural conditions 
(Forster, 1973; Miller, 1987).  
Preserving natural elements has ranked above recreational demand in parks 
management policy. Recreational activities started to be limited to the natural 
carrying capacity of the resources, and based on the physical and social qualities of 
area. Natural resources determined the types and the amount of recreational 
activities. Concern changed to the preservation of resources instead of the needs of 
users (Forster, 1973; Gold, 1980). Ecological determinism replaced demand 
advocacy or pluralism in the park planning process.  
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The existence of different types of protected areas of different sizes, with different 
ecological, socioeconomic and landscape characteristics, and with different 
objectives, policies and legislation created the need for universally applicable 
terminology and consistent standards for categorising the parks. In 1978, the IUCN’s 
World Commission on Protected Areas (WCPA) published its first attempt at an 
international categorisation system for protected areas in “Categories, Objectives and 
Criteria for Protected Areas”. WCPA proposed ten categories of protected areas to 
ensure that “regardless of nomenclature used by nations or consistent to particular 
languages, a conservation area can be recognised and categorised by the objectives 
for which it is in fact managed” (Bishop et al., 2004; IUCN 1994). 
In 1982 the "Third World Congress on National Parks" held in Bali focused on the 
role of protected areas in sustaining society, the inadequacy of the existing worldwide 
network of protected areas, the need to improve the ecological and managerial 
quality of existing protected areas, the need to balance conservation and 
development, the need to develop the capacity to manage protected areas, the need 
to consider economic tools such as cost-benefit analysis to support and promote the 
true value of protected areas, the need to monitor to ensure that protected areas can 
meet the needs of society and that they are effectively managed, the need to 
promote international cooperation mechanisms and developing a global programme 
on protected areas using the IUCN network (IUCN, 2004c). 
In 1992, the “Fourth Congress on National Parks and Protected Areas: Parks for Life” 
was held in Caracas. In this congress the major concerns were the increase of the 
relationship between people and protected areas, conserving biodiversity, 
conservation on a regional scale, funding for protected areas and building a stronger 
constituency for conservation (IUCN, 2004d). In addition, the Caracas Congress sent 
a recommendation to the IUCN Council to change the ten categories system to a 
system of six protected area categories based on management objectives, because 
there were a number of shortcomings with the 1978 system. In 1994, the IUCN 
General Assembly approved the new six-category system (IUCN, 1994). 
In 1998, the first guideline in a series of best practice guidelines was published by 
World Commission on Protected Areas in partnership with the Environmental 
Planning Research Unit, Department of City and Regional Planning, University of 
Wales, Cardiff, UK (Davey, 1998, p. VII). WCPA is a worldwide network of some 
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1300 protected area experts. WCPA's mission is to raise the standard of worldwide 
representative network of terrestrial and marine protected areas management and 
planning, as an integral contribution to the IUCN mission. Up to now, ten guidelines 
have been published from this series: 
- National System Planning for Protected Areas (Davey, 1998) 
- Economic Values of Protected Areas: Guidelines for Protected Areas 
Managers (Task Force on Economic Benefits of Protected Areas of the 
World Commission on Protected Areas (WCPA) of IUCN, in collaboration 
with the Economics Service Unit of IUCN, 1998) 
- Guideline for Marine Protected Areas (Kelleher, 1999) 
- Indigenous and Traditional Peoples and Protected Areas ”Principles, 
Guidelines and Case Studies” (Beltrán, 2000)  
- Financing Protected Areas (Financing Protected Areas Task Force of 
the World Commission on Protected Areas (WCPA) of IUCN, in 
collaboration with the Economics Unit of IUCN, 2000) 
- Evaluating Effectiveness: A Framework for Assessing the Management 
of Protected Areas (Hockings et al., 2000)  
- Transboundary Protected Areas for Peace and Cooperation (Sandwith 
et al., 2001) 
- Sustainable Tourism in Protected Areas: Guidelines for Planning and 
Management (Eagles et al., 2002) 
- Management Guidelines for IUCN Category V Protected Areas: 
Protected Landscape/Seascape (Phillips, 2002)  
- Guidelines for Management Planning of Protected Areas (Thomas & 
Middleton, 2003) 
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Table  2.1 Chronological history of events in protected area planning 
 Historical Events 
Before 1800 Ancient protected areas 
1800-1879 The first conservation groups in each country and the first national parks (1872) 
1980-1909 
The first conference for the protection of birds in Paris (1895) 
Developing national parks as a new kind of land use area for public enjoyment 
1910-1929 
Naturalists' attempt to control hunting and prevent species extinctions, Paris international congresses in 1923 
and 1931  
Using the term ‘park planning’ in protected area planning  
Harmonious park planning 
1930-1939 
Wildlife management, wildlife biologist and ecological approach as well as education, core zone, nature 
sanctuary, strict nature reserve, national reserve, nature monument and strict wilderness reserve and buffer 
zone added to the park management literature 
1940-1959 
 
Birth of the United Nations family  
IUPN (1947), IUPN’s Commission on Ecology established (1954) (becomes Commission on Ecosystem 
Management in 1996)  
Establishment of IUCN (1956) 
1960-1969 
 
First world conference on national parks (1962)  
First list of national parks and equivalent reserves (1962)  
Second edition of the UN List of National Parks (1967), renamed UN List of National Parks and Protected 
Areas in 1982  
Establishment of Commission on Environmental Planning in 1969 (renamed Commission on Sustainable 
Development in 1988, Commission on Environmental Strategy and Planning in 1990 and finally Commission on 
Environmental, Economic and Social Policy in 1996) 
1970-1979 
 
First Earth Day, in 1970, marks the birth of the modern environmental movement, raising of public awareness 
of the environmental crisis, environmental revolution and movement, ecology acknowledged as a fundamental 
and applied science and challenge for the survival of the biosphere and mankind 
Establishing of the UNESCO's MAB Programme (Man And Biosphere) (1970) 
Yellowstone National Park, Wyoming, U.S.A. Second World Conference on National Parks (1972) 
Addendum made to the UN List of National Parks and Equivalent Reserves and a new edition published 
(1972) 
Drawing up of  the World Heritage List: a list of sites of Natural or Cultural beauty (1972) 
United Nations Conference on the Human Environment, in 1972 in Stockholm, results in creation of the 
United Nations Environment Programme (UNEP) 
Paris Convention on Protection of the World Cultural and Natural Heritage (UNESCO 1972) 
Washington Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES, 
1973) 
Emerging ecological management, environmental impact statement, land classification and ecosystem 
management in the parks planning literature. 
The first international categorisation system for protected areas on “Categories, Objectives and Criteria for 
Protected Areas” (1978) by IUCN’s World Commission on Protected Areas 
1980-1989 
 
IUCN, WWF and UNEP launch simultaneously in 34 countries the World Conservation Strategy (WCS) 
(1980)  
Third World Congress on National Parks, Bali (1982) 
Conference on Conservation and Development: Implementing the World Conservation Strategy (1986) 
A worldwide sustainable development debate in Our Common Future (UN World Commission on 
Environment and Development)(UNESCO) Moscow (1987) 
1990-2003 
 
Fourth World Congress on National Parks and Protected Areas (IUCN, Caracas, 1992) 
Signature of the Convention on Biological Diversity and of the Convention on Climate Change (1992) 
Commission on Sustainable Development (CSD) created under ECOSOC to implement Agenda 21, Gland, 
Switzerland.  
Global Diversity Forum, convened by IUCN's Biodiversity Programme to bring people from all sectors 
together to discuss the issues in the Convention (1993) 
IUCN's new Strategic Plan endorsed. It emerged from one of IUCN's largest consultation exercises, involving 
members, Councillors, Commissions, staff and associates (1994)  
Publication of revised edition of the UN List of National Parks and Equivalent Reserves (1994) 
The Draft International Covenant on Environment and Development launched. Prepared by IUCN's 
Commission on Environmental Law in New York, with the aim of providing a model for a global treaty on 
environmental conservation and sustainable development (1995) 
Sustainable Use Initiative launched which explores the principles and provides technical support to IUCN's 
partners on sustainable use of wild resources which form such an essential part of the life of local communities 
(1996) 
New revised edition of “UN List of Protected Areas” published by World Commission on Protected Areas and 
WCMC (1998) 
The first guideline in a series of Best Practice Guidelines published by WCPA (1998) 
The Fifth IUCN World Park Congress held in Durban, South Africa (2003) 
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In 2003, the 5th IUCN World Park Congress was held in Durban, South Africa. 
Responding to its theme “Benefits Beyond Boundaries”, the Congress addressed 
pressing problems within protected areas by identifying new sites for under-protected 
ecosystems, defining tools to improve management effectiveness, finding new legal 
arrangements, and bringing new constituencies on board. Specifically, delegates put 
forward guidance to engage governments, the private sector, indigenous peoples, 
local communities, and young people in protected areas, to jointly safeguard the 
many benefits these areas provide to societies worldwide. In addition, the Congress 
generated political support to transform its recommendations into action to empower 
protected area managers and policy makers around the world (IUCN, 2004e).  
Table 2.1 shows a brief chronology of historical events of the revolutionary path of 
protected area planning. The table is constructed using documented facts in this 
chapter. In addition, the following references and literature are used to construct the 
table:  
- IUCN's Fifty Year Evolution from "Protection" to "Sustainable Use" 
(Barclay, 1998) 
- Synopsis of the World History of Environmental Conservation: 
Important Developments (Miller, n d) 
- Protected Areas and Biodiversity (Mulongoy & Chape 2004) 
2.9  An overview of protected area planning through time 
Humans protect the environment for their own needs (Leopold, 1979). However, 
human needs have changed over time. People started to protect nature as their 
territories and for subsistence farming. They then protected some parts of the 
environment as concealment areas in time of war, sacred sites for holy and religious 
purposes and some areas for hunting.  
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Since the beginning of the twentieth century, park planning that had started with 
planning for the placement of facilities for public enjoyment have changed to planning 
for recreation, research, and education as well as protection of fauna and flora, 
biodiversity, habitats, watershed, natural wealth, natural beauty, cultural significance 
and to provide benefits to local and national economies. Protected area planning 
history shows the changing protected area planning approaches through time. Table 
2.2 shows these changes. In addition, the table shows changes in planning 
approaches applied in protected area planning through time. 
Using table 2.2, table 2.3 summarises changes in the number of management 
objectives for protected area planning.  
Table  2.3 Increasing numbers of management objectives through the time 
Years Ago Before 10500 10500 - 2500 2500 - 2000 2000 – 1000 1000 - 500 500 – 130 
M
an
ag
em
en
t O
bje
ct
iv
es
 
 
Food and 
Shelter 
 
Food and 
Shelter, 
Farming 
 
Food and 
Shelter, 
Farming, 
Concealment 
 
Food and 
Shelter, 
Farming, 
Concealment, 
Holy Purposes 
 
Food and 
Shelter, 
Farming, 
Concealment, 
Holy Purposes, 
Hunting 
 
Food and 
Shelter, 
Farming, 
Concealment, 
Holy Purposes, 
Hunting, 
Nature 
Preservation 
Before the nineteenth century areas were protected mostly for a single purpose such 
as food and shelter, farming, concealment, holy purposes, hunting or nature 
preservation such as birds, timber and water conservation. However, since the 
second half of the nineteenth century recreation was added to protected area 
planning objectives. Then other purposes were added to the recreation objectives 
such as the protection of nature for the future, and scenery and cultural protection. In 
fact, food, farming and hunting areas that had been very important objectives in 
protected area management have become unimportant objectives in some protected 
areas.  
At present the IUCN definition of a protected area is (IUCN, 1994): 
An area of land and/or sea especially dedicated to the protection and 
maintenance of biological diversity, and of natural and associated 
cultural resources, and managed through legal or other effective 
means. 
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Although all protected areas meet the general purposes contained in this definition, in 
practice the precise purposes for which protected areas are managed differ greatly. 
Unlike old protected areas, protected areas now have multiple management 
objectives. Nowadays, the main management objectives of protected area planning 
are recognised in nine management purposes. The main purposes of management 
are: 
• Scientific research  
• Wilderness protection 
• Preservation of species and genetic diversity 
• Maintenance of environmental services 
• Protection of specific natural and cultural features 
• Tourism and recreation 
• Education 
• Sustainable use of resources from natural ecosystems 
• Maintenance of cultural and traditional attributes (IUCN, 1994). 
The IUCN has defined an international series of protected area management 
categories based on management objective (table 2.4) (IUCN, 1994; Madjnoonian, 
2000; Phillips, 2002; Worboys et al., 2001).  
Where the site does not meet the internationally recognised definition of a protected 
area, application of a management category is not appropriate. This is indicated as 
an unassigned category (UA).   
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Table  2.4 IUCN protected areas categories, derived from: Environment Australia (2003), 
IUCN (1994) and Madjnoonian (1999)  
 
 
Examples from Iran and Australia 
Ca
te
go
ry
 
Name Definition 
Iran Australia 
Ⅰa 
Strict Nature Reserve: 
protected area 
managed mainly for 
science 
Area of land and/or sea possessing some 
outstanding or representative 
ecosystems, geological or physiological 
features and/or species, available 
primarily for scientific research and/or 
environmental monitoring 
- 
Beear Reference 
Area 
 
Bennie Creek 
Reference Area 
 
Berrook Reference 
Area 
Ⅰb 
Wilderness Area: 
protected area 
managed mainly for 
wilderness protection 
Large area of unmodified or slightly 
modified land, and/or sea, retaining its 
natural character and influence, without 
permanent or significant habitation, which 
is protected and managed to preserve its 
natural condition. 
- 
Avon Wilderness 
Park 
 
Big Desert 
Wilderness Area 
 
Wabba Wilderness 
Area 
Ⅱ 
National Park:  
protected area 
managed mainly for 
ecosystem protection 
and recreation 
Natural area of land and/or sea, 
designated to (a) protect the ecological 
integrity of one or more ecosystems for 
present and future generations, (b) 
exclude exploitation or occupation inimical 
to the purposes of designation of the area 
and (c) provide a foundation for spiritual, 
scientific, educational, recreational and 
visitor opportunities, all of which must be 
environmentally and culturally compatible. 
Golestan National 
Park 
 
Khojeir National 
Park 
 
Sorkhe-hesar 
National Park 
 
Wilsons Promontory 
National Park 
 
Port Campbell 
National Park 
 
The Grampians 
National Park 
Ⅲ 
Natural Monument: 
protected area 
managed mainly for 
conservation of 
specific natural 
features 
Area containing one, or more, specific 
natural or natural/cultural feature, which is 
of outstanding or unique value because of 
its inherent rarity, representative or 
aesthetic qualities or cultural significance. 
Dehloran Natural 
Monument 
 
Laleh-vazhgoon 
Natural Monument 
 
Sarve Harzevill 
Natural Monument 
 
Organ Pipes 
National Park 
 
Churchill National 
Park 
 
Morwell National 
Park  
Ⅳ 
Habitat/Species 
Management Area: 
protected area 
managed mainly for 
conservation through 
management 
intervention  
Area of land and/or sea subject to active 
intervention for management purposes to 
ensure the maintenance of habitats 
and/or to meet the requirements of 
specific species.  
Turan Wildlife 
Refuge 
 
Angooran  Wildlife 
Refuge 
 
Miankaleh  Wildlife 
Refuge 
Macquarie Island 
 
Watta Wella Natural 
Features Reserve 
 
Badger Head 
Conservation Area  
Ⅴ 
Protected 
Landscape/Seascape: 
protected area 
managed mainly for 
landscape/seascape 
conservation and 
recreation 
Area of land, with coast and sea as 
appropriate, where the interaction of 
people and nature over time has 
produced an area of distinct character 
with significant aesthetic, ecological 
and/or cultural value, and often with high 
biological diversity. Safeguarding the 
integrity of this traditional interaction is 
vital to the protection, maintenance and 
evolution of such an area. 
- 
Badger Corner 
Conservation Area 
 
Carr Villa 
Conservation Area 
 
Champion Park 
Conservation Area 
Ⅵ 
Managed Resource 
Protected Area: 
protected area 
managed mainly for 
the sustainable use of 
natural ecosystems 
Area containing predominantly unmodified 
natural systems, managed to ensure long-
term protection and maintenance of 
biological diversity, while providing at the 
same time a sustainable flow of natural 
products and services to meet community 
needs.  
- 
Bunurong Marine 
Park 
 
Barmah State Park 
 
Deen Maar 
Indigenous 
Protected Area  
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Other categories useful for indicating areas without an IUCN explicit category are: 
Abbreviation Definition 
PP Partially Protected Area 
PRO Proposed Protected Area - the site was the subject of an official proposal which is being 
considered by the relevant national or regional authority. 
REC A looser definition than 'PRO' in which a site has been recommended to become protected, but this is not necessarily being considered by the relevant national or regional authority. 
UP Unprotected 
CS Critical Site 
SPA Special Protected Area 
DE De-classified site. A site which was formerly protected but is not protected any more. 
(blank) A site which may qualify as protected under one of the IUCN management categories but which 
requires further investigation.  
? A site which may have been unable to assign to any existing IUCN category. 
MCF Cloud forest sites. These are not protected sites. 
The importance of the management objectives is ranked differently in different 
protected areas categories. Table 2.5 illustrates the ranking relationship between 
management objectives and the categories: 
Table  2.5 Ranking of management objectives and IUCN protected area management 
categories 
IUCN Categories 
Management Objectives Ia Ib II III IV V VI 
 Scientific research  1 3 2 2 2 2 3 
 Wilderness protection  2 1 2 3 3 - 2 
 Preservation of species and genetic diversity  1 2 1 1 1 2 1 
 Maintenance of environmental services  2 1 1 - 1 2 1 
 Protection of specific natural/cultural features  
- - 2 1 3 1 3 
 Tourism and recreation  
- 2 1 1 3 1 3 
 Education  
- - 2 2 2 2 3 
 Sustainable use of resources from natural ecosystems  - 3 3 - 2 2 1 
 Maintenance of cultural/traditional attributes  
- - - - - 1 2 
Key: 1: Primary objective, 2: Secondary objective, 3: Potentially applicable objective, -: Not applicable 
(IUCN, 1994) 
Having regard to the different priorities assigned to these main management 
objectives, ‘preservation of species and genetic diversity’, for example, has the most 
importance compared to the other objectives. In table 2.5, if the value of a primary 
objective is considered as 3 on a scale of 0-3, a secondary objective as 2, potentially 
applicable objective as 1, and not applicable as 0, then ‘preservation of species and 
genetic diversity’, for example, can be calculated to be 19 out of 105. Table 2.6 
shows ranking values of management objectives in protected areas. In other words, 
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‘preservation of species and genetic diversity’ has 18 percent of total importance of 
main management objectives (table 2.6 and figure 2.1). 
Table  2.6 Ranking values of management objectives in protected areas planning 
            Value: Primary objective=3, Secondary objective=2, Potentially applicable objective=1, Not applicable=0 
 
IUCN Categories 
Management Objectives 
Ia Ib II III IV V VI 
Sum % 
 Scientific research  3 1 2 2 2 2 1 13 12 
 Wilderness protection  2 3 2 1 1 0 2 11 10 
 Preservation of species and genetic diversity  3 2 3 3 3 2 3 19 18 
 Maintenance of environmental services  2 3 3 0 3 2 3 16 15 
 Protection of specific natural/cultural features  0 0 2 3 1 3 1 10 10 
 Tourism and recreation  0 2 3 3 1 3 1 13 12 
 Education 0 0 2 2 2 2 1 9 9 
 Sustainable use of resources from natural ecosystems 0 1 1 0 2 2 3 9 9 
 Maintenance of cultural/traditional attributes  0 0 0 0 0 3 2 5 5 
 Total 10 12 18 14 15 19 17 105 100 
 
 
 
0 2 4 6 8 10 12 14 16 18 20
Scientific research 
Wilderness protection 
Preservation of species and genetic diversity 
Maintenance of environmental services 
Protection of specific natural/cultural features 
Tourism and recreation 
Education 
Sustainable use of resources from natural ecosystems 
Maintenance of cultural/traditional attributes 
Objective values (%)
 
Figure 2.1 Value of different management objectives of protected areas  
Figure 2.1 compares values of different management objectives of protected areas. 
The figure shows ‘maintenance of cultural/traditional attributes’ has minimum 
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management objective value, while ‘preservation of species and genetic diversity’ 
has maximum value. As is documented in table 2.2, management objectives have 
changed from one hundred percent aim at preserving for human needs, such as 
food, holy purposes, hunting or recreation to multiple management objectives to 
cover human needs in a sustainable manner and protection of nature and biodiversity 
(figure 2.2). 
 
 
 
 
 
 
 
 
Figure 2.2 Changes in protected area planning objectives from human-need based to 
nature protection-based through time 
Figure 2.2 shows that there has been a change from human-need based planning to 
nature protection–based planning. In fact, management objectives have changed 
from personal/individual human needs to environmental protection from a local 
perspective, then from local to national perspective, and then from national to 
international perspective. It changed from protection for now to protection for the 
future. And it changed from a human benefit perspective to a philanthropic 
perspective. At the same time, the number of protected area planning objectives 
increased over time (figure 2.3). 
10500 BC      500 BC  100 
   
 
 
 
Food & Shelter, Concealment, 
 Holy purpose and, Hunting 
 
Natural resource preservation 
 
Recreation, Cultural sites protection 
 
Flora and Fauna Conservation, Education and 
Research 
 
Biological diversity conservation 
 
Visitor safety, Biotic community conservation 
and Ecological scenic protection 
 
Spatial & Temporal issues consideration 
 
Policies issues consideration 
Nature protection-based planning 
Human need-based protection 
Conservation Movement Starts 
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Diversity of protected areas planning purposes over time 
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Figure 2.3 Diversity of purposes for protected area planning over time (10500 years ago – 
present) 
The increase in the number of purposes in protected area planning along with the 
increase in human knowledge have brought new approaches to cover more 
protected area objectives. Protected area planning approaches started with ad 
hoc/unstructured preservation approaches. Then forestry, engineering, landscape 
architecture, wildlife management and biology, ecosystem/nature-based 
management, carrying capacity, environmental impact assessment, ecological 
planning, landscape planning and finally landscape ecological planning emerged in 
the park management literature throughout time as indicated in figure 2.4. 
     
Diversity of planning approaches to protected areas planning over 
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Figure 2.4 Diversity of protected area planning approaches over time (10500 years ago – 
present)  
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From the earliest areas protected for resource use with single use objectives, we 
have seen a move towards multiuse objectives. Protected area planning has 
changed from planning aimed at the protected area itself to planning with 
consideration for the surrounding landscape. Nowadays, many planning approaches 
such as national planning, transboundary planning, regional planning, landscape 
planning, and landscape ecological planning are used in protected area planning 
aimed at reconciling protected areas with their surroundings.  
Generally, planning of protected areas is not a new concept. Reserves have been 
protected in different ways and for many reasons; consequently they have been 
planned differently and use different approaches. The approach has changed today 
because of the revolution in the science of planning as well as the effect of 
bureaucratic behaviour and human needs. During the twentieth century, using the 
recreational and public use aspects of the protected areas mandate as a 
springboard, protected areas were managed to achieve different objectives such as 
biodiversity conservation and sustainability. In fact, in the second half of the twentieth 
century, ecological concepts added many new responsibilities to the park 
management objectives. Protected areas were purported to conserve nature for 
present and future generations of humankind as well as presenting recreation, 
education and research opportunities. The new objectives took into consideration 
more responsibilities such as: 
• Sustainability and biodiversity through maintaining representative 
samples of major biotic units as functioning ecosystems in perpetuity,  
• Maintaining ecological diversity and environmental regulation, 
• Maintaining genetic resources and maintaining objects,  
• Maintaining structure and sites of cultural heritage,  
• Protection of scenic beauty,    
• Supporting rural development and the rational use of marginal lands, 
• Maintaining watershed production and controlling erosion and 
sediment, and protection of downstream investments (IUCN, 1994; Miller, 
1987).   
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On the other hand, protected areas, as part of a global ecosystem, depend on a wide 
variety of factors for their survival. It would be archaic to think that a National Park will 
not be affected by impacts in its surrounding environment, and vice versa.  
Today, few of the Earth’s ecosystems are well managed or maintained. In some 
cases, coastal areas are depleted, forests undervalued and clear-cut, air polluted, 
soils eroded, biodiversity threatened, watershed degraded and vital ecosystem 
processes disrupted (IUCN, 2003).  
Protected areas need to be planned considering the characteristics of their 
surrounding landscape. Only by placing protected areas in a landscape context can 
the world conservation goals be met, and ensure effective planning. In the protected 
area planning context, understanding linkages in the landscape is not just about 
understanding cultural and biological diversity facts; such facts must be considered in 
an ecological context. The next chapter will provide an introduction to ecological 
planning for protected areas.  
2.10  Conclusion 
In this chapter a history of protected area planning was discussed. The perceived 
need for protected areas altered through time; consequently the purposes of 
management changed from an anthropocentric basis to a nature basis. With 
increasing human knowledge in land management and, in addition, considering 
different management objectives for protected areas, new planning approaches 
emerged to cover all aims of protected area planning. Now, planning approaches are 
taking into consideration surrounding area issues.  
The next chapter will provide an introduction to planning for protected areas and will 
continue the discussion of contemporary ecological planning approaches to protected 
areas.  
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 3 - Contemporary planning approaches for protected areas 39 
CHAPTER 3  
CONTEMPORARY PLANNING APPROACHES FOR 
PROTECTED AREAS 
3.1  Introduction 
In chapter two, a history of protected area planning was discussed. This chapter will 
continue with a definition of planning for protected areas and will then proceed to 
discuss ecological planning for protected areas. Then it will consider ‘zoning’ as a 
means of implementing ecological approaches to planning for protected areas. 
Finally, the chapter will conclude with a discussion on the different contemporary 
ecological planning processes for protected area management. The main aim of this 
chapter is to present a model of contemporary planning for protected areas and data 
requirements for it. The following questions will be addressed in this chapter:  
- What is the definition of planning from the protected area planning 
perspective? 
- What are ecological planning approaches to protected areas? How are 
they implemented in the process of planning for protected areas? 
- What are data requirements and what is the process of the 
contemporary planning approach for protected areas? 
3.2  Definition of planning 
Planning is part of the management process. It is a systematic means of problem 
prevention and problem solving (Smith, 1991). Planning means thinking in a 
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systematic manner before acting (Schmid, 2004). It is a process by which agreement 
is reached on the ways in which problems are to be debated and resolved 
(Cullingworth & Caves, 2003). Planning is the outcome of rational thinking and 
reasoning, of resolving conflicts and problems, and of perceiving space and time 
(Schmid, 2004). Land use planning is planning for the land. Land use planning is 
concerned ultimately with the future and spatial prediction (Taylor, 1977, p286). 
When it comes to land use planning for protected areas, planning means considering 
possibilities such as developing recreational areas or conservation areas, developing 
the area of reserve and deciding on the location of the roads.  
Protected area planning involves assessing and recording the conditions of the site, 
evaluating current and projected needs and threats, developing strategies, and 
planning specific activities designed to address those needs and threats. Planning for 
the management of a protected area must not be limited to the elaboration of a 
settled plan, but it should be seen as a dynamic process. Planning must be 
considered as a continuous task in the management of protected areas, and it must 
be applied according to the needs which arise through time. Therefore, the process 
of planning is not linear. It has feedback cycles in which the analysis and the 
decisions that are made can be revised as more experience and information are 
acquired (Amend et al., 2003).  
The output of planning can be a series of maps or a single composite map, 
accompanied by text and interpretation of the results. Maps are representations of 
particular phenomena in a particular way (Unwin, 1981). 
Planning for protected areas commonly has different phases, such as the strategic 
plan, the annual operational plan and possibly a zoning plan (Amend et al., 2003). 
Differences are also made because of different aims and goals of planning, for 
example, to meet recreational activities or the conservation of specific species. In 
addition, the differences can be brought about because of different levels of 
governance driving the planning including at the international, national or local level. 
Finally, there are different types of planning processes. For example, it is possible to 
undertake planning processes for ecological, business and recreational activities. 
Each of these is a different process because of the information inputs, outcomes 
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expected and resources used. This research will focus on the ecological planning 
process for protected areas.  
3.3  Ecological approach to land use planning 
Ecology is not a new concept in land use. 10500 years ago, humans who started to 
engage in farming selected rich breeding-grounds beside a river in Mesopotamia, 
today known as Iraq (Makhdoum, 1999). However, the term ‘ecology’ was used first 
by Ernst Haeckel in 1866 to refer to the web of relationships between organisms and 
their environment, and to show the necessity of a nature-based view of land issues 
(Holdgate, 1999). Ecological knowledge then emerged gradually in land planning 
disciplines and later in protected area planning. Today, most processes of land use 
planning are based on ecological principles. 
3.3.1 Data requirements for ecological planning 
Types of data required for any protected area planning will vary from protected 
area to protected area and depend on the characteristics of the area itself 
(McHarg, 1997; Thomas & Middleton, 2003). In addition, changes in planning 
approaches and protected area planning objectives have led to changes in the 
data required for protected area planning through time. There are many 
references on data necessary for ecological planning such as: 
- ‘Planning national parks for ecodevelopment: methods and cases from 
Latin America’ (1978) by Kenton R. Miller which is a landmark in the 
protected area planning literature in landscape suitability approach   
- Food and Agriculture Organisation of the United Nations (1988) in 
‘National parks planning: a manual with annotated examples’  
- McHarg (1997) in ‘Natural factors in planning’ 
- Thomas and Middleton (2003) in ‘Guidelines for management planning 
of protected areas’.  
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According to above-mentioned references, data required for ecological planning 
for protected areas can be classified as general data (national, regional, local 
background data) and site specific data.  
Table 3.2 shows data requirements for ecological planning for protected areas 
derived based on the literature (FAO, 1988; Miller, 1978; McHarg, 1997; 
Thomas and Middleton, 2003). The table shows a list of data required for 
contemporary ecological planning approaches to protected areas.  
It will be argued in the next chapter that with more attention to the spatial and 
temporal characteristics of protected areas in their neighbourhood context, 
landscape ecological planning can have a different list of data requirements. In 
other words, it will be argued in chapter four that the list of data requirements for 
protected area planning approaches can be developed considering data on 
spatial and temporal aspects of protected areas.  
Table  3.1 Data requirements for ecological planning to protected areas 
Major Data Groups Data Requirements for Ecological Planning 
Location (latitude and longitude) 
Area 
IUCN protected area management category 
Legal status, e.g. designation (both of the site and features within it) and 
relevant legislation 
Legal ownership, occupancy, access, tenure, access, other conditions and 
restrictions 
Organisational issues 
Current land use  
Services in and to the area 
Main access routes 
General data (can be descriptive 
or map information) 
 
Historical information (land use and landscape history, archaeology, buildings) 
Biological information (communities, flora and fauna) 
Physical information (climate, geology, geomorphology, hydrology, soil 
characteristics) 
Cultural and aesthetic information (landscape and landscape features, cultural 
associations) Site analysis (descriptive and non-descriptive information 
including maps and numeric 
data) 
 
Socio-economic information (basic data and trends among local communities 
and their dependence on protected area) 
3.3.2 The process of ecological planning to protected areas 
The process of planning varies from one planning approach to another and has 
changed through time. They vary due to physical scale, planning objectives, 
time frame, goals, political support, availability of data, knowledge and budget. 
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There are many references on the process of protected area planning. They are 
similar in general, but different in detail.    
In 1973, Richard Forster proposed a model for national park planning with three 
major steps (Forster, 1973). For the first step in this model, he proposed a 
preliminary study of environmental characteristics of the area to obtain a 
general idea about the park. For the next step, he proposed a comprehensive 
study and analysis of data on biological, physical and socio-economic 
information. For the final step, he proposed decisions on alternative 
management plans based on final management objectives.  
 
 
 
 
 
 
 
 
Figure 3.1 A model of process of contemporary planning approach to protected area 
planning derived from FAO, 1988; Forster, 1973; Thomas & Middleton, 2003  
In 1988, the Food and Agriculture Organisation of the United Nations (FAO) 
published a national park planning guideline “National Parks Planning: a manual 
with annotated examples”. With almost the same general procedure, this 
guideline calls for a description of the national and regional context related to 
the study area. Thomas and Middleton (2003) in their guideline for management 
planning of protected areas presented a logical and orderly sequence to a 
planning approach. However, they mention that while a carefully phased 
sequence is desirable, a strictly sequenced process may not always work best. 
Generally, the planning sequence guidelines in Forster (1973), FAO (1988) and 
Thomas and Middleton (2003) are similar. Thomas and Middleton’s guideline, 
A model of process of contemporary planning approach to protected areas  
Developing management vision and objectives 
Data gathering and evaluation: historical, current, legal, 
biological, physical, cultural, aesthetic and socio-
economic information - issues identification, 
consultation 
Preparation of management plan 
 
Public 
consultation 
on the draft 
plan 
Monitoring, evaluation and implementation 
Description of 
national and 
regional 
context 
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however, has a public consultation step that is not in Forster (1973) and FAO 
(1988) guidelines.  
Figure 3.1 summarises a protected area planning process based on 
contemporary planning approaches derived from FAO (1988), Forster (1973) 
and Thomas & Middleton (2003). In fact, the diagram shows a model of process 
of ecological contemporary planning approach to protected area planning. 
However, the details in the sequences can be different. In this research project, 
more attention is given to the spatial and temporal aspects of the protected 
areas. This can be discussed in the context of a landscape ecological planning 
approach that will be discussed in more detail in the next chapter.    
3.3.3 Implementing ecological approach to planning: zoning plans 
Ecological planning can be implemented on different scales. It can be brought 
about because of different levels of governance driving the planning, including 
international, national, local or at the site level.  
A ‘transboundary approach’ can be considered as a geographical plan to cover 
all mentioned levels. This approach implies the need for international, national 
or local co-operation. This kind of approach may be particularly useful in 
situations where a protected area’s ecosystem is located among neighbouring 
regions within and/or between states, countries, provinces, indigenous peoples’ 
territories, autonomous areas or other jurisdictions, where unilateral action by 
such jurisdictions would impede conservation and co-operation on objectives 
(Sandwith et al., 2001).  
In many cases, there is an international dimension to a protected area. This 
may lead to a protected area being considered as a World Heritage Area, 
Ramsar site, UNESCO Biosphere Reserve or in a transboundary approach or 
‘regional planning’. The term region has been used to describe extensive areas 
of land and water that include protected areas and surrounding lands (McNeely, 
1994). Regional planning considers both political and ecological boundaries and 
it may consider lands outside the jurisdiction of the park authority (ICEM, 2003).  
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Planning can be considered at national level. ‘National system planning’ is an 
organised approach to macro-level planning. It is a new concept built on 
existing knowledge and approaches. It is a dynamic process aimed at 
maximising the desirable characteristics of a national protected area system. 
Considering environmental characteristics, historical, social, political, economic, 
cultural context and the purposes of protected areas, a national system plan is a 
design of a total reserve system covering the full range of ecosystems and 
communities in a particular country (Davey, 1998, p. IX).  
Considering local needs and ecological characteristics of protected areas, 
planning for protected areas may identify different management zones that are 
geographical areas within the site of protected areas. Figure 3.1 shows different 
management zones considered in Wilsons Promontory National Park, Australia 
(Parks Victoria, 2002). Zoning initially is a rigid approach.  
Zoning is a tool to identify where various strategies for management and use 
will best accomplish management objectives to achieve the desired future of the 
area (Thomas & Middleton, 2002).  
Zoning is a control strategy to ensure a proper balance between the human 
presence and nature conservation inside the protected area. Four major groups 
of aims including protection, environmental education, eco-tourism and 
recreation and scientific cooperation and research can be considered for 
different types of zones. The expected outcome is the resolution of conflicts 
between the different use interests, while respecting the park’s main objectives 
(Amend et al., 2003; Forster, 1973). 
The expected output from a zoning plan is a document called ‘management 
plan’, followed by maps, in which agreements are reached about the use of a 
determined space inside the protected area. ‘Management plan’ is a document 
which sets out the management approach and goals, together with a framework 
for decision making, to apply in the protected area over a given period of time 
(Amend et al., 2003; Thomas & Middleton, 2002).  
A number of other supportive sectoral plans or related documents usually 
accompany the management plan. These plans may be required for different 
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management activities, aims, goals and approaches of planning, such as 
interpretation, visitor management, eco-tourism, recreation as well as fire 
control, conservation of specific species or scientific cooperation, and research 
and environmental education (Thomas & Middleton, 2002).  
According to IUCN (1994) at least three-quarters and preferably more of the 
protected area will be managed for the ‘primary purpose’ of planning; and the 
management of the remaining area must not be in conflict with that primary 
purpose (IUCN, 1994). Protected areas objectives and purposes were 
discussed in detail in section 2.9.  
Different sets of zones may apply in different types of protected areas. Various 
zone combinations may be developed in response to local conditions, needs 
and ecological land suitability of the park (Thomas & Middleton, 2003). The 
primary classification consists of a Core Zone for protection of a natural area 
and Recreational Zone for visitor use (Forster, 1973; Thomas & Middleton, 
2003). However, protected areas may be managed considering different 
management zones for inside and outside the parks’ area. The following are 
some examples of various types of zones derived from Amend et. al. (2003), 
Makhdoum (1987), Makhdoum (1999), Thomas and Middleton (2003) and 
Parks Victoria (1996, 1998 & 2003):  
- Scientific Zone or Reference Zone or Strict Protection Zone or Special 
and/or Unique Values Zone: where human intervention is minimal in order 
to conserve the original characteristics of the area. The zone should 
contain outstanding special values e.g. historic sites; significant natural 
areas such as wetlands, salt marshes, estuaries or key marine areas such 
as breeding aggregations, which should be given priority for protection;  
- Primitive Zone or Wilderness Zone and Conservation Zone: where 
research, moderate tourism, and education are permitted. Primitive Zone 
or Wilderness Zone are essentially undisturbed areas while Conservation 
Zone contains sensitive natural environments or ecosystems. A 
Conservation Zone is managed to provide minimal impact of recreation 
activities and visitor facilities on sensitive natural processes. In these 
zones, roads and infrastructure development should be excluded, and 
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manipulative management techniques normally prohibited. Natural 
processes dominate. Under normal circumstances, tracks and perhaps a 
few basic camping sites would be permitted. Sometimes these areas are 
called “core zones” as they are likely to have the best-preserved natural 
values;  
- Extensive Recreational Zone or Limited Development Zone or 
Conservation and Recreation Zone: where limited development would be 
permitted in it, but must not be detrimental to the special or unique value 
of the protected area. An important purpose of this zone is to cater for 
certain types of recreational use, thereby relieving pressures on primitive 
or wilderness areas;  
- Recreation and Tourism Zone or Special Use Zone or Intensive 
Recreational or Development Zone or Recreation Zone: where appropriate 
tourism activities and developments are permitted for visitors. Its purpose 
is to accommodate major roads, hotels, accommodation and service 
facilities. However, in many protected areas, the current trend is to move 
more intensive development to areas outside the boundary; 
- Recuperation Zone or Recovery Zone: is found in areas where the 
habitat and resources have been degraded; management, reforestation, 
repopulation, and protection activities are carried out in the restoration 
area; 
- Regulated Social Zone or Cultural or Historic Zone or Zoning for 
Traditional and Indigenous Users: in order to guarantee maintenance and 
conservation of the archaeological sites within the reserve, where 
traditional activities of the rural communities within the reserve are carried 
out, they are subject to regulation and control; 
- Educational Zone: This is an area for education purposes. The 
objectives of managing this zone is to provide primarily environmental 
education in relatively undisturbed areas; 
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- Contradictory Uses Zone: where inappropriate development or human 
activities are recognized, such as a non traditional use inside the area. 
The conflict should be made clear as soon as possible. 
Outside the protected area itself further zones can be distinguished:  
- Buffer Zone: refers to the areas adjacent to the natural protected areas 
(the outer area) that, because of their environment and location, require 
special treatment to guarantee the area's conservation. Buffer zone is an 
area outside the protected area where there are restrictions to the use of 
the resources, or where special development measures are taken to 
increase the conservation value of the area. It is an area with conservation 
objectives to minimize the external negative impacts upon a natural 
protected area. Further, activities conducted in buffer zones should not 
endanger the ability of the protected area to fulfil its objectives; 
- Neighbouring Zone: where the economical situation of the inhabitants is 
directly affected by legal provisions and/or management activities. For 
example, before the protected area was declared the inhabitants of the 
region had free access to the natural resources through hunting, fishing, 
collecting, etc. Thus, the management of the neighbouring area is of vital 
importance for the socio-economical situation of its inhabitants, and 
requires special measures in order to promote socio-environmentally 
sustainable development and the acceptance of the protected area; 
- Zone of Influence: where all other activities related to the protected 
area are located. This can include the area where the nearest capital city 
to the protected area is located. 
Figure 3.2 shows different management zones considered in Wilsons 
Promontory National Park, Australia (Parks Victoria, 2002). The map shows five 
different management zones for the Park including ‘Wilderness’, ‘Conservation’, 
‘Reference Area’, ‘Conservation and Recreation’ and ‘Recreation’ zones. An 
area adjacent to the Tidal River Recreation Zone in the Park is proposed for 
‘Educational Zone’ (Parks Victoria, 2002, p 27) but it is not indicated on the 
map. 
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Figure 3.2 An example of a zoning plan for the Wilsons Promontory National Park, 
Australia (Parks Victoria, 2002)   
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Table 3.2 shows that the Parks in this study have development zones. 
Generally, each development zone can be made up of different sections to 
present a particular use (Miller, 1987). To reach the final development plan, 
protected area planners and designers may use physical resources, maps and 
information, management programs, schematic plans, site analysis and park’s 
organisations diagrams (Dahl and Molnar, 2003; Thomas & Middleton, 2002): 
- Master plan*: This shows the essential organization of the park 
including commitments regarding circulation and major relationships 
- Site plan: This shows more exactly the larger scale commitments and 
possibly aesthetic character, spatial framework, and the location of many 
minor structures 
- Detail plan: This can be an enlargement of a portion of the site plan or, 
if the area is quite small, can serve alone as a mini master plan  
- Schematic plan: This may accompany each of the above plans to 
illustrate circulation patterns and major relationships 
- Construction plan: This shows measurements, material specifications, 
structural diagrams, and all the computations needed by contractors 
- Preliminary plan: This is a plan ready to be reviewed by the parks 
planners. Then the possible necessary revisions can be made and the 
final plan can be drawn.  
In addition, table 3.2 shows different management zones applied in protected 
areas in Iran and Australia. As Golestan National Park is designated as a 
biosphere reserve (more detail is in section 5.3.4), a buffer zone is suggested 
for it. However, according to the management plan of the Park, the buffer zone 
is not a result of the process of planning (Makhdoum, 1999).  
                                            
 
 
*
 In some articles, especially in early articles on park planning ‘master plan’ had the same meaning as 
‘management plan’ (Thomas & Middleton, 2002).  
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Table  3.2 Application of various types of zones in different protected areas in Iran and 
Australia. References: Makhdoum et al., 1987; Makhdoum et al., 1999; Parks Victoria, 1998; 
Parks Victoria, 2002; Parks Victoria, 2003  
 
 
There is some information about the environmental characteristics of the Parks’ 
surrounding areas in their management plans (details in chapter 5), but none of 
the Parks indicates management zones outside of their areas. An example of 
consideration of a buffer zone in planning for a protected area is the Great 
Barrier Reef Marine Park, Australia (ICEM, 2003). In the Great Barrier Reef 
Marine Park, human activities in the buffer zone is limited to low impact 
activities such as limited research, traditional marine use, limited educational 
programmes, and low impact recreational activities that do not involve the 
taking of plants, animals or marine products. For other activities, the written 
permission of The Great Barrier Reef Marine Park Authority is required (The 
Great Barrier Reef Marine Park Authority, 2004). As mentioned in chapter 2, 
initially protected areas were viewed as islands in a sea of human-influenced 
ecosystems. Protected area planning has started to consider environmental 
characteristics of the surrounding areas. Considering zones outside parks’ 
areas can provide this opportunity for them (ICEM, 2003).  
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Golestan National Park Iran            
Khojeir National Park Iran            
Sorkhe-hesar National Park Iran            
The Grampians National Park Australia            
Port Campbell National Park Australia            
Wilsons Promontory National Park Australia            
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Cullingworth and Caves (2003) state zoning initially is a rigid approach. Zoning 
was concerned with determining district activities in a particular area 
(Cullingworth & Caves, 2003). There is a need for flexible zones as the real 
world is changing. Changes in the landscape will be discussed in detail in the 
next sections where landscape ecological planning approach will be discussed. 
3.4  Different approaches to ecological planning 
There are different approaches to ecological land use planning. Ndubisi (2002) 
categorised ecological approaches to five major tentative groups: landscape 
suitability, applied ecosystem approach, landscape value and perception approach, 
applied human ecology approach and landscape ecological planning approach. The 
approaches adopt different processes because of their objectives and goals as well 
as the information inputs, outcomes expected and resources used.  
3.4.1 Landscape suitability  
Landscape suitability is the most widely used approach in professional practice. 
Other ecological approaches borrow their fundamental concepts and techniques 
from landscape suitability (Ndubisi, 2002).  
Ndubisi (2002) classified the evolution of the landscape suitability approach into 
two time phases: pre 1969 and post 1969. Before 1969 most methods relied on 
the natural features of the landscape to estimate the ability of the landscape to 
support a given use, and sustained use without suffering degradation of its 
natural and cultural features.  
After 1969, landscape suitability methods covered all previous planning 
approaches while they refined earlier substantive concepts, procedural 
principles and techniques for land analysis. Additionally, after 1969, landscape 
suitability methods emphasised seeking the best use of the landscape in the 
light of social, economic, political, and ecological consideration. Moreover, they 
addressed specific technical flaws inherent in the landscape suitability methods 
or extended their application to a wider variety of ecological planning problems, 
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spatial scales, and landscape types (urban, rural and suburban). In 1969, Ian 
McHarg in ‘Design with Nature’ presented one of the most coherent syntheses 
of suitability analysis (Ndubisi, 2002). McHarg (1992) discussed landscape 
planning using spatial concept.  
The output of a landscape suitability approach is a series of maps or a single 
composite map, accompanied by text and interpreting the suitability of each 
tract of land for single or multiple land uses. 
3.4.2 Applied ecosystem approach 
In the applied ecosystem approach, an ecosystem is considered as the 
framework for understanding and analysing landscapes. The ecosystem is 
defined as a combination of human and natural systems in which the 
components are related and interacted (Ndubisi, 2002). The purpose of 
ecosystem management is to organise the human use of an ecosystem in a 
sustainable manner (Pirot et al., 2000; Sexton, 1998). Ecosystem planning 
studies present their output in maps with spatial units, accompanied by text 
(Ndubisi, 2002).  
3.4.3 Landscape value and perception approach 
Studies on landscape values and landscape perception seek to understand 
people’s affective responses to both natural and built environment (Hubbard, 
1996). This approach focuses on perceptual outcomes of the people experience 
in their interactions with natural and cultural elements of landscapes. The output 
of landscape values and landscape perception approach can be statements 
and/or numerical estimates of visual preferences and qualities (Ndubisi, 2002).  
3.4.4 Applied human ecology approach 
Applied human ecology focuses on interactions between people and their 
environment (Lawrence, 2003). Human ecology concepts have more valuable 
insights into social and cultural processes, but are generalised about the natural 
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environment. The output of the applied human ecology approach is similar to 
the output of the landscape suitability approach. In addition, there is information 
about spatial area where culturally preferred locations overlap with ecologically 
suitable lands (Ndubisi, 2002).  
3.4.5 Landscape ecological planning 
Landscape ecological planning is a new ecologically based approach to land 
use planning (Bech et al., 1999; Dramstad et al., 1996). It is an approach 
focused on the structure and function of landscape and how it responds to 
human and natural influences (Ndubisi, 2002). Landscape ecological planning is 
an approach with more attention to spatial and temporal characteristics of areas 
in their neighbourhood context. As this approach is the base for this research 
project, it will be dealt with in detail in the next chapter.  
3.5  Conclusion 
In this chapter, a review of a definition of planning for protected areas was 
documented. In addition, ecologically based approaches to protected area planning 
and the data required for them were documented. It was argued that with attention to 
the spatial and temporal characteristics of protected areas in their neighbourhood 
context the list of data requirements for protected area planning approach can be 
developed. In addition, it is documented that the contemporary planning approaches 
to protected areas suggests a rigid zoning plan for protected areas. A landscape 
ecological planning approach can be used to suggest a flexible zoning plan for 
protected areas.    
The landscape ecological planning approach is the main approach used in this 
research study, and will be discussed in more detail in the next chapter. A case study 
method will be used to develop the approach in chapters five and six. A summary 
table showing the differences between the contemporary approach to protected area 
planning and the developed framework will be documented in chapter six.  
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CHAPTER 4  
LANDSCAPE ECOLOGICAL PLANNING FOR 
PROTECTED AREAS 
4.1  Introduction 
In chapter three, definitions for planning for protected areas and different planning 
approaches for protected areas were documented. This chapter will start with a 
definition of landscape and a history of changes in landscape. Then, it will continue 
with a discussion on landscape ecological planning. Considering landscape 
ecological planning and spatial and temporal issues of protected areas, this chapter 
will discuss data requirements for the implementation of the landscape ecological 
planning approach for protected areas. The main aim of this chapter is to present a 
basic planning model of landscape ecological planning considering the data 
requirements for it. The following questions will be addressed in this chapter:  
- What comprises a landscape?  
- What is the history of landscape changes? 
- What is landscape ecological planning? 
- What are spatial characteristics? How can spatial characteristics be 
considered in the process of planning for protected areas? What are 
spatial data requirements for landscape ecological planning? 
- What are temporal characteristics? How can temporal characteristics 
be considered in the process of planning for protected areas? What are 
temporal data requirements for landscape ecological planning?  
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- What is the basic model of process of landscape ecological planning for 
protected areas?  
4.2  Definition of landscape 
Landscape has a wide range of definitions. Landscape is a concept that implies a 
certain way of seeing the land (Makhzoumi & Pungetti, 1999). People may see 
landscapes as natural, cultural, aesthetic or based on land use. Landscape may be 
classified considering many different environmental characteristics such as smell, 
colour, sound or land cover or by different human activities and their impact on the 
environment. Landscape may also produce different feelings such as excitement, 
danger, belonging and revulsion (Forman & Godron, 1986). Landscape is not just 
scenery, or even a set of purely physical attributes. The visual aspect of landscape is 
mostly the outward face of complex human/nature interaction (Phillips, 1998; Phillips, 
2002).  
From an ecological perspective, landscape can be defined as a mosaic over which 
particular local ecosystems and land uses recur (Dramstad et al., 1996). The 
landscape definition may be varied depending on the research or management 
context. From a wildlife perspective, landscape may be defined as an area of land 
containing a mosaic of habitat (McGarigal, 2003) while from an agricultural point of 
view, landscape may be defined as an area of land containing areas of different 
crops. Giles (2000) defined the word landscape as:  
A total part of Earth (or other planets), a composite of all of the 
characteristics that distinguish a certain area on the Earth's surface 
from other areas. An expanse of Earth typically seen within one 
viewing, but often a large designated area on a map somehow different 
than contiguous areas.  
As Dramstad et al. (1996) noticed, landscapes can be seen at three different scales: 
• Micro scale such as a cluster of backyard gardens or a wildlife 
movement corridor 
•
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 4 - Landscape ecological planning for protected areas 57 
• Macro scale such as a regional wildlife conservation park or a new 
suburban development 
At any scale, landscape can be studied as an area of land containing a number of 
‘patches’ (McGarigal, 2003; McGarigal & Marks, 1995, p3). Patch defines as 
elementary components or units that make up a landscape (Farina, 1998; McGarigal 
& Marks, 1995, p5). Patches may be set within a matrix where landscape elements 
are most strongly connected across the landscape (Bell, 1999).  
At the macro scale, examples of landscapes include farms and cities. Woodlands, 
roads, wetlands and rivers can be defined as examples of landscape patches. In that 
sense, landscape elements can be defined as relatively homogeneous units of land. 
Landscape elements can be classified into two types: natural elements, such as 
trees, water features and animals and, human made elements, such as, roads, 
farmyards, highways and field types (Forman & Godron, 1986). In other words, 
landscape contains both natural and cultural elements and features, and focuses on 
the relationship between these. It is both physical and metaphysical, with social, 
cultural and artistic associations (Phillips, 1998). Generally, an area of each 
landscape attribute or element can be considered as a patch. Figure 4.1 shows 
different patches in Werribee Open Range Zoo, Melbourne. An area of water source, 
a road and vegetation cover areas can be recognised in the photo. Data and 
information about landscape attributes or elements are important in the planning 
process that will be discussed in more detail in this chapter.  
 
Figure 4.1 
Werribee Open 
Range Zoo, 
Melbourne: 
Different 
patches are 
Vegetation, 
Road & Lake 
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IUCN definition of a protected area is (IUCN, 1994): 
An area of land and/or sea especially dedicated to the protection and 
maintenance of biological diversity, and of natural and associated 
cultural resources, and managed through legal or other effective 
means.  
A protected area is where people may see natural or cultural features and/or the 
interaction between human and nature. It is a specific land use dedicated to the 
protection of natural and cultural aspects of the land. Protected areas have different 
levels of development and may elicit emotions in their visitors. Therefore, in this 
research, the administrative boundary of a protected area is considered as a 
landscape unit at the macro scale. Areas of vegetation covers, animal distribution or 
habitat and water sources can be considered as examples of patches in protected 
areas. Roads, rivers, plants and animals can be considered as some of the possible 
natural and cultural elements. However, landscape of a protected area must be 
studied in relation to its surrounding areas. 
4.3  A history of landscape changes   
Humans have changed the environmental characteristics of landscape over time 
(Chapman & Codrington, 1985). Figure 4.4 shows a summary of landscape changes 
through time. Probably more than 30,000 years ago, Aboriginals started to use fire to 
control the environment (Williams, 2002). This use of fire has changed Australia’s 
plants and animals, and indeed its whole landscape (Phillips, 1988).  
About 10500 years ago, agricultural activities started in the world (Cutter, 1991; 
Fagan, 2004; Holdgate, 1999; Holechek, 2000; Makhdoum, 1999; Martin, 2004). In 
Iran, for example, agriculture changed the natural environment because of the 
introduction of domestic animals such as sheep and goats about 9000 years ago 
(Holdgate, 1999; Makhdoum, 1999).  
In the literature on landscape, Phillips (1998), Study Programme on European Spatial 
Planning (SPESP) (2000) and Antrop (2005) state that there are two broad 
categories of landscape: natural and cultural. The natural landscape is the original 
landscape untouched by humans, while the cultural landscape can be seen as a 
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derivative of natural landscape whose balance, structure and view is more or less 
influenced by human use (Antrop, 2005; Phillips, 1998; SPESP, 2000). Therefore, 
landscape is a place that can contain cultural and/or natural features and values. It 
can refer to rural landscapes, but may also include extensive places within urban 
areas such as parks, gardens or streetscapes (Lennon et al., 2001).  
Landscape can be considered on a spectrum of classification between natural and 
cultural based on the amount of cultural modification in the landscape. According to 
the intensity of human impact and transformation, landscapes can be considered 
from nearly ‘pure natural’ to ‘developed landscapes’, from ‘traditional landscape’ to 
new developed landscape. Examples of traditional landscapes are the rice terrace 
landscapes of the Cordilleras in the northern Philippines island of Luzon and the 
Great Barrier Reef in Australia (Phillips, 1998). Cities, and most farmland and 
industrial areas, can be considered as examples of newly developed landscapes. 
Figures 4.2 and 4.3 show two examples of natural and developed landscapes. Figure 
4.2 shows a natural landscape in Wartook Lake, Australia. Figure 4.3 shows a 
developed city landscape. Riverside buildings and a bridge on the river have 
changed the landscape of the Yarra River to a developed landscape.   
 
Nowadays, few, if any, landscapes are truly natural in the sense that all have been 
subjected to human influence in some way (Bell, 1999; IUCN, 1994; Phillips, 1998; 
Winchester, 2003). No part of the globe has escaped the effects of long distance 
pollution and human induced climate change (IUCN, 1994). IUCN (1994) defines 
natural landscape as an area where, since the Industrial Revolution in mid eighteenth 
century Britain, human impact (a) has been no greater than that of any other native 
Figure 4.2 
Wartook Lake, 
looking North 
taken from Reed 
Lookout, 
Australia:  
Natural 
Landscape  
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species, and (b) has not affected the ecosystem's structure. Climate change is 
excluded from this definition (IUCN, 1994).  
 
As figure 4.4 shows, landscapes such as the natural and the traditional cultural 
landscape before the eighteenth century were considered as being relatively stable 
and having a distinct character and identity (Antrop, 2005). Since the Industrial 
Revolution, climate, natural systems, cultivated systems and degraded systems have 
changed more rapidly (IUCN, 1991). A whole succession of technological and social 
revolutions, and wars from the end of the eighteenth century to the mid-twentieth 
century, completed a definite break with past eras. New landscapes were created 
during that period. Since the Second World War the increasing population, growth of 
urbanisation, technological knowledge, accessibility and globalization have been the 
driving forces behind changes in the environment (Antrop, 2005; Bell, 1999).  
 
 
 
 
 
 
 
 
Figure 4.4 Creation of new landscapes through time 
Key: Examples of landscapes: 1: Natural Landscape in different levels of development,            
2: Traditional Cultural Landscape, 3: Extremely Developed Landscape such as Urban 
Landscape, Industrial Landscape      
Figure 4.3 
Yarra River, 
Melbourne:  
Developed 
Landscape 
 
Pure Natural 
Landscape 
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Nowadays many environmental problems have appeared in the world because of 
changes in the environment (Miller, 2002). When humans modify landscapes, they 
usually make them simpler (Chapman & Codrington, 1985). For example, today 
landscapes of the world have less variety of fauna and flora because of the extinction 
of many species over time. Humans are responsible for increasing the rate of 
extinction of many species by changing the environment (Baillie, Hilton-Taylor & 
Stuart, 2004). Human settlement areas, farmlands, roads and other modified 
landscape have fragmented natural ecosystems through time. Habitat fragmentation 
is one of the reasons for the extinction of plants and animals as the full implications 
of ecological changes take effect over time (Bennett, 1999). Extinction of the species 
makes the landscape simpler. Simple landscapes have less chance to cope with 
landscape stress such as disturbances events. In other words, simple landscapes 
are landscapes with less sustainability.  
However, it is anticipated the landscape changes in the future will be smaller in 
scale/extent and in magnitude, as now the danger of too much change in the 
environment is recognised. Today, there are many attempts to restore landscapes to 
their natural condition and by the recovery of an ecosystem that has been degraded, 
damaged or destroyed (Lamb & Gilmour, 2003). For example, a restoration plan was 
prepared for the Waza Logone floodplain of Cameroon aimed at improving the quality 
of life for the local community giving due consideration to the viability of downstream 
resources (Lothe, 2004). Ecologically based planning approaches are also aimed at 
sustainable development plans. 
4.4  Landscape ecological planning: theories and methods   
Landscape ecological planning theoretically is a combination of ‘landscape ecology’ 
and ‘ecological planning’ (Ndubisi, 2002). Landscape ecology is the ecology of 
landscapes (Dramstad et al., 1996, p13). It is the science dealing with the interaction 
between humans and society and their living spaces. It is a discipline bridging the 
gap between the spatial approach of the geographer and the functional and structural 
approach of the ecologist (Ahern, 1999; Naveh, 1994). Landscape ecology is the 
study of current social, environmental, and economic problems as well as spatial and 
temporal variety (heterogeneity) in the structure, dynamics, and relations of plants, 
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animals, (including people), and landscape elements at many scales (Giles, 2000; 
Juma & Wien 2002). Landscape ecology may be classified from different 
perspectives, such as, human landscape, plant landscape or animal landscape 
(Farina, 1998). Time and space are fundamental to the landscape framework (Giles, 
2000).  
Ecologically based planning approaches were documented in section 3.3. Ndubisi 
(2002) defines ‘ecological planning’ as a process of making a desired landscape. 
Landscape ecological planning is one of the ecological planning approaches to land 
use planning. The framework for landscape ecological planning is made using 
landscape ecology as an essential basis for sustainable planning, but also calls for 
more attention to the environmental aspects of surrounding areas (Ahern, 1999; 
Brown et al., 2005; Fabos, 1985; Giles, 2000, Ndubisi, 2002). 
In an ecological planning approach, three characteristics of the landscape are 
important (Forman & Godron, 1986; Leitao and Ahern, 2002; McGarigal and Marks, 
1995):  
• Landscape function: the flows of energy, materials and species among 
the spatial elements 
• Landscape change: the alteration in the function and structure of the 
ecosystem over time  
• Landscape structure: size, shape, number, kind, configuration and 
composition. 
Any permanent or temporal change in the landscape can lead to changes in 
landscape function and structure and vice versa.  
The landscape ecological planning approach can be used in planning for protected 
areas. In that sense, a landscape ecological approach can be defined as an 
ecological approach considering characteristics of the land of a protected area in the 
context of its surroundings over time.  
As mentioned in section 3.3, most planning approaches to protected area are based 
on ecological knowledge. Current planning approaches in protected area planning 
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consider landscape elements and events. Landscape suitability, as a fundamental 
concept of contemporary planning approaches for most protected area planning 
approaches considers past, present and perhaps some prediction of the future of 
characteristics of the environment of the areas. These can be included in some 
general data and information about spatial and temporal characteristics of protected 
area landscape such as size, maximum and minimum annual temperature. Changes 
are happening continuously in the landscape of protected areas and must be 
considered in more detail in the process of planning. This research thesis will 
consider ecological planning model and data requirements for an ecological model, 
but will also give attention to the spatial and temporal characteristics of protected 
areas in their neighbourhood context within the surrounding areas. In other words, 
the idea is to consider temporal issues, size and shape of protected areas and their 
proximity to other land uses in the process of planning for protected areas.  
Spatial characteristics can help protected area planners to study spatial configuration 
including possible spatial fragmentation of protected areas. Considering temporal 
changes, a flexible planning approach can be presented compatible with natural and 
cultural changes in the environmental characteristics of protected areas and/or their 
surrounding areas. In other words, a study of spatial and temporal characteristics of 
protected areas and their surroundings is aimed at decreasing environmental 
contrasts between them and increasing compatibility of planning outcomes over time.  
4.5  Spatial characteristics of protected areas 
A spatial approach in land use planning can lead to ecologically based decisions 
being made in land planning (Forman & Collinge, 1996). Geometrical characteristics 
of area and landscape elements, comprising size and shape of individual protected 
areas and their location relative to adjacent land uses are planning issues that affect 
subsequent management at landscape level (Hocking et al., 2000). 
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4.5.1 Size of protected areas 
The size of the protected area should reflect the extent of land or water to 
accomplish the objectives of management (IUCN, 1994). In parts of southern 
Africa, the population of elephants is more than the carrying capacity of the 
current protected areas (Aarde & Jackson, 2006). Aarde and Jackson (2006) 
argue that there is enough space across southern Africa for elephants to 
wander beyond the current protected areas. They propose a mega size 
protected areas by linking conservation area across international borders in 
southern Africa.  
The size of a protected area influences many aspects of management. It can 
help viability of long-term survival of many species, perhaps including some for 
which the protected area was established. This is especially so when a 
protected area or reserve protects a large species’ population, since larger 
populations of species have a higher probability of persistence (Hocking et al., 
2000).  
As a common strategy, a protected area should be as large as possible 
(Bennett, 1999). Larger areas can protect more species as well as more 
ecosystems that are different. Larger areas are more likely to cover more 
habitats areas of species. In addition, large areas have a more favourable 
surface/periphery ratio and as a result, negative external effects have less of an 
impact on the area as a whole. In addition, management is relatively cheap, as 
it is particularly directed at prevention and mitigation of external effects 
(Vreugdenhil et al., 2002). However, from a management point of view, a larger 
protected area may have a more heterogeneous landscape; and therefore there 
may be need for more information about the ecological interaction between 
environmental elements of an area to accomplish a particular objective in it. 
Generally, to accomplish a particular objective an optimum size should be 
considered (Forman & Godron, 1986). 
In practice, for the survival of species, the area should be large enough to host 
a viable population. A large protected area also helps increase resilience by 
enabling the protected area to withstand gradual changes (for example, through 
climate change) or irregular major changes, such as fire, flood, storm, tsunamis, 
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earthquakes and population crashes amongst keystone species*. Size is also 
relevant to the ability of the reserve to contain a natural disturbance regime, 
without the need for active intervention to simulate these dynamics (Hocking et 
al., 2000).   
In the first volume of a study under the title of ‘Rationalization of the protected 
areas system of Honduras’ to support species population, the size of terrestrial 
protected areas are defined as between 1000 hectares and 500,000 hectares, 
and with no minimum size for an aquatic ecosystem (Vreugdenhil et al., 2002). 
However, different types of protected areas may need a different size according 
to their management objectives: 
For an IUCN Category I area, the size should be that needed to 
ensure the integrity of its ecosystems to achieve the management 
objective of strict protection, either as a baseline area or research 
site, or for wilderness protection. 
In Category I area, the area should be large enough to possess one 
or more entire ecosystems not materially altered by current human 
occupation or exploitation.  
In Category II area, the boundaries should be drawn sufficiently 
widely that they contain one, or more, entire ecosystems which are 
not subject to material modification by human exploitation or 
occupation.  
In Category III area, the size should be large enough to protect the 
integrity of the feature and its immediate related surrounding. 
In Category IV, the size of area should depend on the habitat 
requirements of the species to be protected and may range from 
relatively small to very extensive. 
In Category V, the size of area should have a landscape and/or 
coastal and seascape of high scenic quality, unique or traditional land 
use patterns and social organizations and should provide opportunity 
for recreation and tourism. 
In Category VI area the size should be drawn sufficiently wide to 
absorb sustainable resource uses without compromise to its overall 
long-term natural values (IUCN, 1994). 
                                            
 
 
*
 A ‘keystone species’ can change the landscape structure. For example, in the Great Plains buffalo 
have modified the landscape by creating open spaces and tracks, and reduced the grassland biomass 
(Farina, 1998). 
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In practice, the IUCN has defined ‘protected area’ as an area of at least 1000 
hectares, or 100 hectares in the case of entirely protected islands, but these are 
somewhat arbitrary figures (IUCN, 1994).  
4.5.2 Shape of protected areas 
The reserve shape of a protected area could be important for some reasons 
such as animal movements across boundaries (Shafer, 1990). More circular 
reserves, if all other environmental characteristics are equal, have been widely 
declared superior to any other shape (Nyhuus et al., 1992; O’Sullivan & Unwin, 
2003; Shafer, 1990). They can be more resistant to edge effects and invasive 
species. In other words, the more irregular the shape the more edges are 
available. An irregular shape has tremendous implications for plant dispersion 
and animal movement, more fluxes and probably has more heterogenous 
processes (Farina, 1998).  
 
 
 
 
   
Figure 4.5 Circular non-fragmented shape versus angular/irregular shape 
Generally, with the same area, a regular shape has a smaller perimeter than an 
irregular shape. As neighbouring areas have generally negative impacts on 
protected areas, less common border or less perimeter is better; therefore a 
more regular shape is better than an irregular. A protected area that consists of 
a narrow coastal strip, for example, without room to expand in width in case of 
sea-level rise, is susceptible to climate change (leading to the so-called ‘coastal 
squeeze’ effect) (Hocking et al., 2000). Generally, a round non-fragmented area 
or a more circular shape is better than a more angular and/or irregular shape 
(figure 4.8).     
 
 
 
 
  Best Shape 
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Areas of the protected areas may be fragmented because of natural 
characteristics of the area. In Australia, Wilsons Promontory National Park, for 
example, is a park containing a large peninsular shape and 32 surrounding 
smaller islands. On the other hand, the area of a protected area may be 
fragmented because of administrative issues. In Australia, the Grampians 
National Park, for example, is a park containing a large area and three smaller 
areas around it. Moreover, the area of a protected area may be fragmented 
because of a development activity. In Iran, the area of Golestan National Park, 
for example, is fragmented by a highway inside the park. This is an important 
issue for the Park (Madjnoonian et al., 1999).  
From a geometrical point of view, Pelletier (2000) believes that the optimal 
geometry for maximising species longevity depends on the type of dispersal 
and on the relative probability of survival in protected and non-protected areas. 
When there is migration from or between reserve fragments and the survival in 
non-protected areas is low, the optimal geometry is a single large reserve. 
When there is migration and the survivability in non-protected areas is high, the 
optimal geometry is a regular boundary. When there is no migration, many 
small equally sized reserves are the optimal geometry.  
Generally, this research project will give attention to the area shape of protected 
areas. In addition, it is important to consider if the area of a protected area is 
fragmented. Therefore, data about the area of a protected area and its shape as 
well as length and importance of the roads inside the park areas will need to be 
calculated.                                                                                                       
4.5.3 Neighbourhood land uses  
The increasing rate of landscape changes has caused more variety in 
landscape types and a more heterogeneous environment mainly in the past 
three hundred years. Today, it is more likely to see a natural area located 
adjacent to an extremely developed area. For example, Sorkhe-hesar National 
Park is less than one kilometre from Tehran, capital of Iran (figure 4.6). Tehran 
may have some impact on Khojeir National Park.  
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Protected areas should not be treated as islands apart from the area around 
them (Phillips, 2002). A better strategy for the sustainable conservation of 
protected areas may be found by examining the environmental characteristics 
of the areas surrounding the protected areas (Siegfried et al., 1998). 
Environmental characteristics of surrounding areas may have a temporal or 
spatial affect on protected areas. 
Human activities, such as agricultural activities, forestry, fisheries, catchment 
management, urban and industrial development, infrastructure, mining and 
recreation in surrounding areas can have negative effects on the nature of 
protected areas.  
    
Figure 4.6 Proximity of Sorkhe-hesar National Park to Tehran     
Human use of the environment increases with increasing population density and 
urbanisation. Population density and the degree of development affect the 
environmental characteristics of nearby protected areas and the demand for 
protection. Negative impacts from human activities occur when the level of 
activities is greater than the environment's ability to cope with those activities. 
Human activities can lead to environmental impacts such as soil erosion, 
increased pollution, discharges into the sea, natural habitat loss, increased 
pressure on endangered species and heightened vulnerability to forest fires. 
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The demand for protection is expected to increase with population density, 
urbanisation and development. High population density, urbanised countries, 
and developed landscapes apply extensive and restrictive protection measures 
to combat the high pressure that their protected areas face (Brotherton, 1996).  
However, some land areas such as national parks or other types of reserves 
areas not only have no negative impacts on the natural characteristics of their 
neighbouring area, but they may help them to be more sustainable. Generally, 
industrial activities and mining have the highest negative impact on the natural 
environment (Makhdoum, 1999). In addition, roads may have negative impact 
on the environment (Leitao and Ahern, 2002). Roads may fragment ecosystems 
and affect wildlife movements (Eagles et al., 2002). Roads can also cause more 
erosion. In addition, roads can bring more people into the protected areas or 
affect tourist visitation patterns. Roads can also change the natural landscape 
of protected areas to developed landscape or change spatial characteristics of 
the areas. Data and information about the roads such as types and length of 
roads both within and outside the park area are important. 
Generally, from a protected area planning perspective, it is important to study 
the effect of surrounding area land uses. Therefore, this research project will 
consider the proximity of protected areas to populated places and other 
incompatible activities such as mining, industrial activities and roads, as well as 
proximity to other reserves and protected areas.  
4.5.4 Spatial data requirements for protected area planning  
As mentioned, spatial characteristics of protected areas are important in the 
process of planning. Contemporary planning approaches for protected areas do 
not consider spatial characteristics of protected areas in detail. There are often 
references to information about the size and neighbourhood areas of the 
protected areas as well as the location of temporal events. However, limited or 
no spatial analysis is considered in the process of a contemporary planning 
approach for protected areas. This research study will give more attention to the 
spatial characteristics of protected areas by applying spatial characteristics of 
protected areas in the process of planning. 
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In doing so, this research project will calculate some relevant landscape metrics 
to consider the effect of size, shape and neighbourhood land uses in the 
process of planning. Landscape spatial metrics can provide data about some 
spatial attributes of the landscape. Landscape metrics can be used to support a 
quantitative approach to landscape planning (Gergel & Turner, 2002; Leitao & 
Ahern, 2002).  
There are hundreds of metrics developed to analyse landscape structures in the 
literature. For example, a spatial pattern analysis program called “FRAGSTATS 
2.0” (McGarigal & Marks, 1995) is designed to calculate 59 different metrics. 
Metrics are strongly correlated and can be confounded (Leitao & Ahern, 2002). 
In their study, Leitao and Ahern (2002) selected nine landscape spatial metrics 
as a ‘core set’ to support a quantitative approach for landscape planning based 
on ecological knowledge. These metrics are ‘patch shape’, ‘edge contrast’, 
‘patch compaction’, ‘mean nearest neighbour distance’, ‘proximity or mean 
proximity index’, ‘contagion’, ‘landscape richness’, ‘area number’ and ‘mean 
area size’.  
Table  4.1 Basic list of data requirements for spatial characteristics of protected areas 
Major Spatial Groups Data Requirements 
Size   Area  
Area compaction  Shape 
Perimeters 
Area number 
Mean area size 
Contagion 
Landscape richness 
Edge contrast 
Mean nearest neighbourhood 
Mean proximity index 
 
Neighbourhood Land Uses 
 
Road length 
Table 4.1 shows a basic list of spatial data required for spatial analysis based 
on the ‘core set’. Metrics for each of the data requirements are discussed more 
fully in chapter 6. However, in order to consider the effect of roads within the 
protected areas, ‘road length’ will be determined considering the areas of the 
protected area. The metrics can prepare quantitative data about size, shape 
and contextual characteristics of protected areas. Metrics including ‘area shape 
or compaction’ and ‘perimeters’ can be used to explain size and shape of an 
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area. ‘Area number’, ‘mean area size’, ‘contagion’, ‘landscape richness’, ‘edge 
contrast’, ‘mean nearest neighbour distance’ and ‘proximity or mean proximity 
index’ can be used to explain spatial contrast between the protected area and 
their surrounding areas. The definition of the metrics will be documented in 
detail in section 6.6. 
4.6  Temporal characteristics of protected areas 
Protected areas are parts of landscapes. Protected areas are changing as the 
landscapes within them change. In addition, natural characteristics of protected areas 
are changing with the entire landscape changes. Changes may lead to temporal 
and/or spatial changes in the environmental characteristics of landscape. 
Natural and cultural processes change the landscape of protected areas continually. 
Changes can happen permanently such as the extinction of species and/or 
temporarily such as climate variability. The period of temporal change can be studied 
differently. For example, an earthquake can be described as a short event. Changes 
can happen continually (linear time) such as, an increasing population through time 
(Egenhofer & Golledge, 1998). Changes can happen as repeatable (circular time) 
events such as seasonal climate changes (figure 4.7).  
                                                   
Figure 4.7 Example diagrams of different time scales in temporal changes                              
Key: left to right: an earthquake, population number increase, seasonality  
Some changes show a combination of different time scales. For example, temporal 
tourists’ visitation patterns change with seasonal climate changes. In addition, the 
number of visitors may increase with population increase through time. Therefore, 
temporal tourist visitation patterns can be explained considering a combination of 
repeatable (seasonal) and continuous time (population increase) (figure 4.8).  
 
 
 
Figure 4.8 A combination of linear and circular changes, for example, visitor pattern 
considering seasonal and population changes  
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Temporal changes can happen regularly or irregularly. For a water resource, the 
temporal variation is made by, for example, an irregular rainfall. Seasonal climate 
changes can alter the environmental characteristics regularly. Seasonal climate 
changes can also lead to regular temporal visitation patterns in protected areas.  
The vectors of change occur over many time scales. The scale of temporal changes 
and variations can be as short as a few seconds or as long as thousands of years 
(Marcucci, 2000). Some landscape changes in protected areas are too slow to be 
considered in the process of protected area planning. In this research, temporal 
changes are described as changes that can happen in less than a decade. Other 
changes can be considered permanent.  
Change duration 
Landscape  processes 
Less than 1 
year Years Decades Centuries 
100s of 
centuries 
More than 
100,000 y 
Geomorphologic Processes 
Plate tectonics       
Glacial movement       
Erosion    
Deposition    
Climate Changes 
Ice age       
Global warming      
Colonisation Processes 
Biological evolution       
Growth of organisms       
Natural movement       
Anthropogenic agents      
Pathogenic agents      
Human population change     
Cultural Processes 
Cultural values       
Political, Legal land control       
Settlement patterns       
Transportation advances       
Economic activity       
Logging       
Mining       
Farming       
Suburbanization       
Highway construction       
Flood Control       
Fire Suppression       
Seasonal tourists activities       
Disturbance Events 
Fire       
Volcanoes       
Flood       
Windstorms       
Figure 4.9 Length of time for select keystone processes to affect landscape change 
(Derived from Marcucci, 2000) 
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Five major categories of processes in landscape change can be considered including 
‘geomorphologic processes’, ‘climate changes’, ‘colonisation processes’, 
‘disturbances’ and ‘cultural processes’ (Marcucci, 2000) (figure 4.9).  
Any changes in one of the processes can influence other processes. For example, 
climate change due to global warming can occur because of human activity due to 
human-induced intensification of the greenhouse gases, such as carbon dioxide by 
the burning of fossil fuels, land clearing and agriculture (Christopherson, 1995). 
Geomorphologic processes tend to be long-term natural processes occurring over 
thousands or millions of years (Marcucci, 2000). Continents and islands come 
together, splitting apart, folding, sinking, rising, and rotating. Colonisation may occur 
over a long or a short time. Colonisation such as sere stage can happen, for 
example, during major climate change or after a fire in the landscape (Marcucci, 
2000).  
Generally, most of the geomorphologic and colonisation processes are too slow to be 
considered in the study of temporal characteristics in protected area planning. Some 
geomorphologic and colonisation processes such as erosion or growth of organisms 
can be considered in the process of protected area planning. However, these 
processes can be studied in relation to climatic changes and variability or disturbance 
events.  
Climatic processes can potentially affect other landscape processes (Price, 1981). 
Climate changes can be considered as long-term occurring over thousands or 
millions of years. However, it is possible to consider climate changes as short term 
processes such as diurnal or seasonal annual changes (Chapman & Codrington, 
1993; Marcucci, 2000; Viles & Goudie, 2003). Short-term changes occur in certain 
climatic events and can be considered as climate variability (Bach, n d). Climate 
changes and variability can be natural such as ice age changes and seasonality. 
Some climate changes and variability can be of human origin such as global 
warming. By 2030, it is projected that temperature will increase by 1.0 to 2.0°C for 
Australia and Iran (Watson et al., 1998). 
Humans by reshaping and/or controlling the landscape, may change landscape 
function temporarily or permanently (Farina, 1998; Leitao & Ahern, 2002). In chapter 
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two, a history of protected area planning was documented. It shows how human 
needs, objectives and knowledge have changed the landscape of protected areas 
permanently. In addition, changes in the entire landscape because of cultural 
processes such as population increase, urbanisation, accessibility, and globalisation 
can slowly change the landscape of protected areas (see section 4.3). At the 
temporal scale, the impact of tourist activities on protected areas is one of the most 
important issues for protected area planning.  
Disturbance events can affect the direction and speed of landscape changes. 
Tsunamis, earthquakes, hurricanes, volcanic eruptions, flood, and fire are some 
examples of natural disturbance events. In addition, some human activities such as 
transportation advances, mining, farming, flood control and fire suppression can 
change the landscape of protected areas (Marcucci, 2000). Disturbance events have 
potentially both temporal and permanent effects on landscape.  
Generally, for this research, temporal characteristics for protected area planning can 
be studied in three major groups: 
• Climate changes and variability  
• Visitation patterns 
• Other temporal events 
4.6.1 Climate variability   
Climate changes and variability in different landform and latitude can potentially 
affect other landscape processes (Price, 1981). Climate changes and variability 
can influence loss of glaciers, reduced water levels or available beach area, 
rivers flooding, increased fire and insect disturbances, fauna and flora growth, 
animal movement, as well as vegetation and wildlife population.  
Climate changes and variability influence the hydrological cycle which can result 
in changes in the geological cycle by erosion, transportation and deposition of 
Earth materials. Climate can control weathering rates. For example, extreme 
dryness reduces most weathering to a minimum as experienced in a desert 
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climate (Christopherson, 1995). Climate factors such as temperature, 
precipitation and wind affect soil development. The biological activities are 
lessened at a high altitude because of low temperature. This can lead to a slow 
soil-forming process (Price, 1981).  
Climate variability can influence biological rhythms at circadian (daily), 
menstrual (monthly), and circannual (annual) scales. Animal movement occurs 
in a wide range of animals, from micro-organisms in freshwater lakes, which 
shift seasonally from deep to shallow water as a result of temperature changes, 
to whales, which move in autumn from subpolar to subtropical seas to have 
their young and then return in late spring to the colder, food-rich water. Most 
animal movement can be the result of any permanent or temporal change in 
their habitat, for example, resulting from a disturbance event or seasonal 
climate variability. In addition, animal may move for part of their life cycle, such 
as for reproduction. Within bird species, changes in migration patterns accrue in 
apparent response to climate warming. However, an internal clock operating on 
a circannual rhythm controls part of the migration activities in birds (Newton, 
2005). Global climate change has affects on the biological process too. In the 
Arctic, for example, decreases in the extent and thickness of sea ice have 
reduced the period polar bears can spend on the ice, a major feeding ground. 
Declines have already been observed in some polar bear populations 
(Mulongoy & Chape, 2004).  
Changes and variability in climate can affect recreational uses and visitation 
patterns in protected areas (Lise & Tol, 2002; Scott & Johns, 2005). The water 
vapour content of air, wind speed and air temperature affect human body 
comfort. High temperature, high humidity and low winds bring the most heat 
discomfort, whereas low humidity and strong winds increase cooling rates 
(Christopherson, 1995). Temperature is one of the most important factors in 
tourists’ visitation patterns. Generally, regardless of other factors, an average 
temperature of about 21°C is the ideal for the large bulk of international tourists 
(Lise & Tol, 2002). Maddison (2001) believes quarterly climate variables can be 
used to explain differences in flows of tourists because of climatic changes 
(Maddison, 2001).  
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Principal controls and influences upon temperature patterns include altitude, 
latitude, continentality, ocean currents and wind currents (Bach, n d; 
Christopherson, 1995; Price, 1981). The vector of temperature changes are 
different through time and space. Great environmental contrasts may occur 
within short distances because of the diverse topography in mountains. 
Changes can happen in all environments but the difference is much greater in 
mountains. Because mountains extend vertically into different topography within 
small horizontal distances, they display more rapid changes in environmental 
characteristics such as fauna, flora, climate, soil and temperature (Price, 1981). 
According to the ‘adiabatic lapse rate’, for the atmosphere, the drop in 
temperature of rising, unsaturated air is about 10°C per 1000 metre altitude 
(Glossary of Meteorology, 2005).  
When the temperature of a parcel of air decreases, its relative humidity, 
cloudiness and precipitation increases. Precipitation normally increases with 
elevation up to middle slopes where clouds form. Precipitation decreases from 
this point up. Mountains are usually windier compared with lowlands; the air is 
thinner and clearer, and the sun’s rays are more intense (Bach, n d; Glossary of 
Meteorology, 2005; Price, 1981). Mountain peaks have the most changes in 
climate. The sun shines more in high mountains. The sun shines earlier in the 
morning and later in the evening on mountain peaks than in lowlands. This can 
create later sunshine or early sunsets for adjacent lands. Similar to an oceanic 
island, the smaller the mountain and the further it is from large landmasses, the 
more its climate will be like that of the surrounding areas (Bach, n d; Price, 
1981).  
At any given elevation, the greater the surface of mountain landmass, the 
greater effect the mountain area will have on its own environment. This is can 
be because of the heating effects of the sun on the mountain landmass. On 
great mountains, the winters are colder and the summers warmer, and the 
annual average temperature will generally be higher than the free air at the 
same altitude. In contrast, on small mountains, the ranges of temperature are 
smaller. The dynamic effects of mountains also have a major impact on their 
surrounding lands. Mountains can make their surrounding areas warmer or 
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colder, wetter or drier than they would be if the mountains were not there (Bach, 
n d; Price, 1981).   
Different latitudes receive different amounts of heat energy and this may 
change with seasons. Seasonality refers to both the seasonal variation of the 
sun’s position above the horizon and changing day lengths during the year 
(Christopherson, 1995). In the tropics, the days and nights have nearly equal 
length throughout the year and seasonal temperature variations tend to be 
small in the tropics. In contrast, seasonal temperature variations are large at 
high latitudes. With increasing latitude, the height of the sun changes during the 
course of the year and days and nights become longer or shorter depending on 
the season. The highest latitudes receive the lowest amounts of heat energy, 
and middle latitudes frequently experience higher temperature during the 
summer (Bach, n d; Christopherson, 1995; Price, 1981). A one hundred metre 
altitude change can have approximately the same changes in climate as 100 
kilometres in latitude (Madjnoonian, 1998). 
In theory, every point along a given latitude receives the same amount of 
sunshine; in reality, clouds interfere. Clouds are a moderating influence on 
temperature producing lower daily maximums and higher night-time minimums 
(Christopherson, 1995). The amount of cloudiness is controlled by distance 
from the ocean, direction of prevailing winds, dominance of pressure systems, 
altitude and barrier effects of mountains (Bach, n d; Price, 1981).  
The relationship between land and water has a strong influence on the climate 
of a land. Generally, a land close to water bodies has a more moderate climate. 
Water heats and cools more slowly than land, so the temperature ranges 
between day and night and between winter and summer are smaller in water 
bodies than in terrestrial areas (Bach, n d; Christopherson, 1995). Ocean 
current and sea surface temperature influence air mass and water vapour 
content, for warm water tends to energise overlying air through high evaporation 
rates and transfers of latent heat (Christopherson, 1995). Mountains in the 
centre of continents experience more sunshine, less cloudiness, greater 
extremes in temperature, and less precipitation than mountains along the 
coasts (Bach, n d; Price, 1981).  
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The climate of a slope or an aspect may be very different from that of a ridgeline 
or valley. Land on a sunny slope will have a higher temperature than of a 
shaded slope. A convex slope has a different temperature regime from those of 
a concave slope. A valley shows a greater range of temperature changes than a 
ridge. A high valley will heat up more during the day (and cool down more at 
night) than an exposed ridge at the same elevation (Bach, n d; Price, 1981). 
Sharp slopes may have more potential for erosion and transportation of Earth 
materials towards the down slope. Slopes facing away from the sun’s rays 
(north-facing slopes in the Northern Hemisphere) tend to be more moist and 
vegetated than those slopes that receive direct sun light (Christopherson, 
1995).  
Generally, changes happen in the landscape of protected areas continuously. In 
theory, an area with more climate variability has more changes in landscape. 
Therefore, it is important to find the location of maximum climate changes. In 
addition, it is important to find if this change is important enough to be 
considered in the process of planning. There are a number of climate change 
scenario generators that can be used to explain future climatic changes. OzClim 
is the Australian climate change scenario generator. OzClim obtains scenarios 
of local climate change for five yearly intervals from 1995 - 2100 (CSIRO, 
2007). It combines different representations of global warming and regional 
climate change, and considers climate variables including maximum and 
minimum temperature, rainfall and potential evaporation.  
Perhaps temperature and relative humidity are the most common factors in the 
study of climate characteristics for protected areas. However, data about these 
two factors do not always show the possible climate variability in the area. 
Temperature and relative humidity usually explain climate changes over time 
but not the location of changes. This research project, therefore, in addition to 
temperature and relative humidity, will consider the following factors when 
discussing climate changes in landscape,  
• Latitude 
• Land forms and mountainous features  
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• Mountains and topological variety in mountains  
• Distance from water bodies 
• Ocean current  
• Wind current  
4.6.2 Visitation patterns 
Tourism is one of the most important cultural issues in protected area planning 
as it can have a significant influence on environmental characteristics. In 
Australia, for example, a heavy concentration of tourist activities has changed 
the environmental characteristics in the northern Grampians National Park 
(Arrowsmith, 2003). In addition, different visitation patterns can have different 
temporal effects on the landscape characteristics of protected areas. 
Tourism, like many other forms of development, will always produce 
environmental impacts, even at low levels of intensity, despite the best efforts of 
protected area management (Eagles et al., 2002). Generally, with increasing 
numbers of tourists, the effects of tourism can increase temporarily. For 
example, erosion, soil compaction, vegetation removal, animal disturbance, 
weed transmission, human related fire, more demand for water, water 
contamination, hunting, fishing, and natural resources harvesting may increase  
with an increasing number of tourists. In Australia, for example, 40% of wildfires 
in the Grampians National Parks in the last 20 years were started by human 
related causes (Parks Victoria, 2002b).  
Therefore, it is important to study protected area visitation patterns. Data and 
information such as number of visits, peak visitation period time, tourist 
attraction sites, visit duration and visit order can be used in the study of 
temporal changes in the protected areas (Arrowsmith & Chhetri, 2003). 
Temporal visitation changes can be studied at different scales from long term 
changes such as decades, to short term changes including annual, seasonal, 
weekly or diurnal changes. For example, the annual rate of growth in the 
number of visitors to Port Campbell National Park, in Australia, is an estimated 
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5.7% (Parks Victoria, 1998). Summer is the peak season. A survey by Parks 
Victoria Traffic Counts in 2002 shows the number of visitors is higher at 
weekends. In addition, the number of visitors shows a significant increase 
between 13:00 and 18:00 (Webb & Williams, 2003). 
In section 4.5.1, the influence of climatic changes and variability of visitation 
patterns was documented. In addition, visitation patterns can be different for 
different visitors according to their personal interests, aims and objectives. For 
example, people with different educational background, age, gender, free time, 
income, religion or cultural background may show different visitation patterns. In 
addition, mass media and advertising can influence visitation patterns. 
Population size, particularly in a protected area’s surrounding areas affects 
visitation patterns. If the population increases while all other factors remain 
static, it will cause an increase in recreation area usage (Douglass, 1975).  
Moreover, existing recreational facilities and infrastructures along with biotic, 
abiotic and cultural characteristics of the landscape affect temporal visitation 
patterns and recreational uses (McEvoy, 2005). Accessibility is one of the 
important infrastructures in protected area planning (Douglass, 1975). 
Accessibility can be described by type, quality and length of the roads and 
number of access points to the protected areas. Transportation infrastructure 
within the protected areas provides visitors with easier access to the parks. 
More and better quality of transportation infrastructure potentially can lead to 
more visitation (Douglass, 1975). In many protected areas, transport will also be 
important as a service to local people. Some protected areas are traversed by 
national highways. This can create communication problems, since people 
moving through the protected areas mix with the park’s recreational traffic 
(Eagles et al., 2002). In addition, vehicle traffic can increase noise, pollution, 
land vibration and dust. This can disrupt wildlife, damage vegetation and affect 
water quality within the parks. In addition, accessibility has some spatial effect. 
This was discussed in section 4.5.3. 
Generally, from a protected area planning perspective it is important to study 
temporal changes in visitation patterns. Therefore, data and information about 
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visitation patterns and the duration of crowding should be considered in the 
process of planning.  
4.6.3 Other temporal events 
Tsunami, earthquakes, hurricanes, volcanic eruptions, wildfire, flood, animal 
movement, animal migration, seasonal blossom and other natural and cultural 
forces and processes are changing the environment of protected areas.  
In Australia, for example, in the last 20 years, about 60% of wildfires in the 
Grampians National Park were started by lightning. Fire has a major affect on 
the Grampians’ ecosystem (Parks Victoria, 2002b). In Iran, in 2001, for 
example, a flood in Golestan National Park damaged more than 5000 square 
kilometres (ISNA, 2006). Natural disturbance processes not only can change 
the landscape of the protected areas, they can also be dangerous for visitors. In 
Wilsons Promontory National Park, visitors travelling to and from the 
campground could be at risk of wildfire (Parks Victoria, 2002). Floods in 
Golestan National Park killed more than 250 people during the last five years 
(ISNA, 2006).  
Detailed data about animal movement in their niche are important. These data 
are important especially when animals move outside of the protected areas 
(Bennett, 1999, p. 69). For example, there is a reserve in the northeast outside 
Golestan National Park called Gorkhod Protected Area. There is significant 
animal movement between Golestan National Park and Gorkhod Protected 
Area. Animals are more under pressure in Gorkhod Protected Area because of 
the danger of unauthorised hunting (Makhdoum et al., 1999).  
Profusion of wildflower displays changes the landscape of the Grampians 
National Park, particularly in the Spring. The park has a number of visitors in 
this period because of this temporal feature (National Trust of Australia, 1978).  
Human activities both inside and in protected areas’ surrounding areas can 
affect the landscape of protected areas. Transportation advances, mining, 
industrial activities, farming, apiculture, flood control and fire suppression are 
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examples of some human activities. The effects of some activities such as 
farming and apiculture are changing seasonally. Human activities such as flood 
control and fire suppression can be applied to protect the protected areas from 
negative aspects of natural disturbance processes. In the Grampians National 
Park in Australia, for example, to be able to conserve the flora and fauna of the 
park from the wildfire, appropriate burning regimes are being implemented 
(Parks Victoria, 2002b).  
Generally, there are a number of natural and cultural events that can potentially 
have an effect on the landscape of protected areas. In addition to the period 
and the time of natural and cultural events, the location of possible temporal 
events is important. In Iran, a flood in 2002 passed through recreational centres 
in the summer peak visitation season. The flood killed 190 people (ISNA, 2006). 
The same event happened in 2001, 2004 and 2005 and killed a number of 
people each time.  
Generally, it is important for parks managers to estimate the time and location 
of any natural and cultural events. 
4.6.4 Temporal data requirements for protected area planning 
From the preceding section, it is clear that the landscape of protected areas 
changes continuously, daily, monthly, seasonally and/or annually. However, 
none of the contemporary ecological approaches for protected area planning 
considers detailed data of temporal changes.  
Contemporary planning approaches for protected areas, including those which 
are based on ecological knowledge, consider past and present situation of 
environmental characteristics. In addition, they may predict the future situations 
of a landscape according to the existing data. This research will give more 
attention to the temporal characteristics of protected areas by considering 
temporal characteristics of protected areas in the process of planning. 
According to what is documented in this chapter, data requirements in the study 
of temporal characteristics of protected areas can be summarised in table 4.2. A 
detailed explanation of these metrics will be documented in section 6.7. 
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Table  4.2 Basic list of data requirements for temporal characteristics of protected areas 
Major Temporal Groups Data Requirements 
Location Latitude 
Surrounding Water Sources 
Water Sources 
Distance From the Ocean 
Landform Metrics: Altitude, Aspect, Slope, Mountain Volume Landform Metrics  
Topographic Variety  
Temperature 
Relative Humidity 
Ocean Current 
Climate 
Variability  
Climate Condition 
Wind Current  
Duration of Peak Visit, Number of Visitors Visitation 
Patterns Visitation Patterns Road Over Crowded Duration 
Vegetation Cover Changes, Blossom   
Animal Movement, Migration 
Flood 
Natural Temporal 
Changes and Events 
Wildfire 
Patterns of Temporal Neighbourhood Activities 
Patterns of Unauthorised Activities e.g. Hunting, Flower Harvesting 
Fire Suppression 
Other 
Temporal 
Events 
Human Origin 
Temporal Events 
Patterns of Temporal Pressure And Effects on Landscape Elements 
e.g. Soil Compaction, Weed Transportation and Recreational 
Facilities  
4.7  The process of landscape ecological planning for 
protected areas 
Ecologically based planning theories and methodologies generally share the same 
basic data requirement and planning steps including the setting of goals and 
objectives, analysis, diagnosis, prognosis and finally synthesis or implementation 
(Leitao & Ahern, 2002). In section 3.3 data requirements and the planning process 
for ecological planning were discussed. This section will focus on the data 
requirement and process of landscape ecological planning concepts for protected 
area planning.  
As mentioned in section 2.9, increasing the number of purposes in a protected area 
along with increasing human knowledge have brought new approaches to cover 
more protected area objectives. In addition to changes in human needs, knowledge 
and planning approaches, environmental characteristics of protected areas change 
through time naturally. These changes have led to the creation of new approaches in 
protected area planning (figure 4.10). 
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Figure 4.10 Increasing numbers of protected area planning approaches 
New approaches have brought new data requirements for planning. For example, 
landscape ecological planning is a planning approach aimed at decreasing 
landscape fragmentation and give consideration to the spatial and temporal 
characteristics of protected areas in their neighbourhood context within the 
surrounding areas. Study of spatial/temporal changes of protected areas and their 
surrounding areas can help to provide a more accurate prediction of future landscape 
characteristics, human needs and conservation issues of the protected area and its 
surrounding areas. It can help to plan according to current environmental 
characteristics of areas considering potential future changes. Planning, regardless of 
environmental changes in surrounding areas, can cause fragmentation between 
protected areas and their surroundings.  
Generally, according to what is documented in this chapter, landscape aspects 
include spatial and temporal changes. At spatial scale though, metrics can be studied 
in three major groups including Size and Shape and Neighbourhood Land Uses. At 
temporal scale, metrics can be studied in three major groups including ‘climate 
changes and variability’, ‘visitation patterns’ and ‘other temporal events’ (figure 4.11).  
    
Figure 4.11 Metric data required for landscape ecological planning 
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Therefore, the data requirement for landscape ecological planning is a combination 
of spatial/temporal and data requirements for ecological planning (figure 4.12). 
 
Figure 4.12 Data required for landscape ecological planning 
A basic planning process starts with a number of goals. Objectives of planning for 
protected areas should be considered first. The next step is gathering environmental 
data for the case study. Then, considering spatial and temporal aspects of protected 
areas, a landscape plan can be presented. Therefore, a basic model of landscape 
ecological planning can be drawn as in figure 4.13. The basic model considering all 
ecological aspects of protected areas can be considered as a comprehensive 
landscape ecological planning approach. The basic model has the potential to 
suggest a flexible zoning plan for a protected area. The model will be examined 
through a case study approach in chapter five.  
 
Figure 4.13 A basic model of process of landscape ecological planning approach 
4.8  Conclusion 
In this chapter a landscape definition, landscape components and history as well as a 
definition of landscape ecological planning and spatial and temporal issues of 
protected areas were documented. A list of the data requirements for landscape 
ecological planning and a basic model of a landscape ecological planning approach 
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to protected areas were also documented in this chapter. To examine the model in 
the real world, the next chapter will continue with a case study approach. Three 
Iranian national parks and three Australian national parks were selected as case 
studies for the research study. The parks will be compared from different 
perspectives including environmental characteristics, management issues and spatial 
and temporal aspects. This will be dealt with in detail in the next chapter. 
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CHAPTER 5  
DEVELOPING A FRAMEWORK FOR LANDSCAPE 
ECOLOGICAL PLANNING: a case study approach 
5.1  Introduction 
In chapter four, landscape was defined. This included components such as 
landscape patches and elements and a discussion of the landscape ecological 
planning. In addition, spatial and temporal data requirements for the landscape 
ecological planning approach were documented. This chapter will start with an 
introduction of the case studies. It will review the need and purposes of the case 
studies. Then it will continue with an introduction to protected areas management in 
Iran, Iranian case studies, their location, their environmental characteristics and their 
management issues. Then, protected areas in Australia will be introduced, detailing 
the three case studies: their location, their environmental characteristics and their 
management issues. 
The main aim for this chapter is to determine actual spatial and temporal issues of 
the case studies. This can support the list of data requirements for landscape 
ecological planning which is documented in chapter four. In addition, it can determine 
what spatial or temporal data need to be produced or collected for the case studies 
other than is documented in chapter four. Therefore, objectives in this chapter are to: 
- introduce the Iranian case studies, 
- introduce the Australian case studies, 
- determine the differences and similarities between the planning 
approaches currently used in Iran and Australia, 
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- determine the differences and similarities between the environmental 
characteristics of the case studies, 
- identify spatial and temporal data that has been used in the planning 
process of case studies, 
- determine other spatial and temporal data needed for the case studies.    
5.2  Case study approach  
Case studies can be employed as a prelude to the real world to test and/or develop 
theories about planning (Sarantakos, 1998). A case study approach was used to 
determine what spatial/temporal data are actually important in protected areas 
management. The aim was having a wide range of spatial and temporal issues for 
protected areas. In doing so, two groups of case studies were selected. The case 
studies were selected from Iran and Australia to examine the purpose of protected 
area planning in two different countries, a developing country and a developed 
country. In addition, Iran and Australia have various ecological differences. This can 
explore the effects of biophysical and sociological differences on spatial and temporal 
issues. For example, while Iran has more deciduous plants, Australia has more 
evergreen flora and this will result in aesthetic differences in landscape between 
seasons. In addition, compared with Australia, Iran is a mountainous country. 
Moreover, Iran has higher population density areas compared with Australia. All 
these can suggest a range of spatial and temporal management issues in Iran and 
Australia that will be discussed in this chapter.  
Three case studies were selected for each group. Each case is also studied 
separately using a case-oriented approach. Robson (1995) believes case study 
research can involve an empirical investigation of a particular contemporary 
phenomenon within a real case using multiple sources of evidence. Variable data 
were collected and calculated from different documents, reports, Internet sites, books 
and journal articles for the case studies. The basic model of data requirements for 
landscape ecological planning was documented in chapter four. A comparative study 
helped to finalise a model of data requirements and model of planning for landscape 
ecological planning for protected areas. The case studies were compared for their 
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management plans, environmental characteristics and spatial/temporal aspects. The 
results presented in this chapter can help to determine what spatial and temporal 
aspects of the case studies are important for protected area planning. This led to a 
new set of spatial/temporal data requirements for a protected areas planning 
approach. The new set of spatial and temporal data was determined for the case 
studies, which is documented in chapter six. 
5.2.1 The case studies 
Three Iranian national parks (Golestan National Park, Khojeir National Park and 
Sorkhe-hesar National Park) were selected as case studies for this research. 
Only these three Iranian protected areas have an official comprehensive 
management plan (Madjnoonian, 2000). Therefore, compared with other Iranian 
protected areas, more data and information is available on these three 
protected areas. As Khojeir National Park and Sorkhe-hesar National Park are 
located close together, they have a common management plan (Makhdoum et 
al., 1987). Therefore, two Iranian management plans were studied for this 
research project. 
National parks in Iran have the highest rate of biodiversity and the most variety 
of management zones compared with other protected areas categories in Iran 
and IUCN categories. Therefore, they may have extreme variety in terms of 
management issues. Consequently, developing a planning framework for this 
type of protected area management can cover most aspects of protected area 
management issues in Iran. For example, Golestan National Park is one of the 
most important natural parks in Iran. The Park presents a rich biodiversity area 
including one third of Iran’s total bird species, 50 percent of total mammal 
species and over 1300 plant species. However, the Park is fragmented by a 
highway. Khojeir National Park and Sorkhe-hesar National Park are located 
between the mountainous areas of Alborz and the desert plain of Dashte-kavir. 
Therefore, their landscapes are a combination of mountains and desert, and 
they are rich in plant diversity. The Parks are located in one of the most 
developed areas in Iran. They are close to the capital of Iran, Tehran.   
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Three Australian national parks (the Grampians National Park, Port Campbell 
National Park and Wilsons Promontory National Park) have been selected as 
case studies for this research project. Data availability is one of the factors in 
selecting the Australian case studies. The Australian case studies have been 
selected from the state of Victoria. Digital data and information on Victorian land 
information is available in the Department of Geospatial Science, RMIT 
University.  
In addition to data availability, the Australian case studies were selected 
because of their general similarity with the Iranian case studies, such as being 
equivalent from a management point of view and being important at local and 
international levels. According to IUCN categories of protected areas, like the 
Iranian study areas, the three Australian case studies are assigned Category II 
(national parks); therefore, from the protected area management point of view, 
they are equivalent.  
In addition, study areas were selected considering different spatial and temporal 
aspects which were mentioned in chapter four. Therefore, the protected areas 
were selected having different proximity to township areas as well as different 
climatic variability, visitation patterns, size and shape. 
The Grampians National Park was selected as an example of a mountainous 
terrestrial protected area with an irregular shape and close to township areas. 
Port Campbell National Park is a small coastal protected area with a linear 
shape. It is located on the Great Ocean Road which is a high tourist destination. 
This park was selected as a sample of a coastal protected area with a huge 
number of visitors and contains an important road. Wilsons Promontory National 
Park was selected as an example of a big peninsula area close to township 
areas.  
5.3  Protected areas in Iran 
Iran, formerly known as Persia until 1935 (Zehzad et al., 2002) is located in South 
West Asia and covers an area of 1,623,779 square kilometres.  
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Climatologically, Iran is mostly an arid and semi-arid country, but the northern slopes 
of the Alburz ranges and the Caspian lowland receive 800 to 2000 millimetres annual 
rainfall and are the most humid parts of the country. In the centre of Iran, the Dasht-e 
Kavir and Dasht-e Lut deserts are the driest parts with less than one hundred and 
fifty millimetres annual precipitation. The highlands receive between 250 and 800 
millimetres. The Iranian vascular plant flora comprises approximately ten thousand 
species, with about twenty percent of them being endemic. Zoogeographically there 
is no thorough overall scientific assessment, but some past analyses provide 
valuable data on particular animal groups, mainly vertebrates. The total mainland 
Iranian vertebrate fauna comprises 1072 species, but to these must be added more 
than six hundred marine fish species belonging to the fauna of the Caspian Sea, the 
Persian Gulf and the Oman Sea (Zehzad et al., 2002).  
5.3.1 Iranian protected areas 
In about 500 BC, Xerxes (Khashayar Shah, an Iranian king) passed through a 
beautiful cypress forest on his way to Asia Minor. He ordered the protection of 
the forest by his royal army as an area for concealment in the time of war 
(Yakhkashi, 2002). Sometime between 1792 and 1830, imperial hunting 
reserves were established near Tehran (now Khojeir National Park National 
Park and Sorkhe-hesar National Park, two out of the three Iranian case studies 
in this research), and managed by the Imperial Court for the Royal family 
(Mehrabi et al., 1987). In 1956, the Game Council was created with a policy to 
set up hunting reserves for the protection of endangered species in Iran. In 
1967, the Game and Fish Department was empowered by law to declare certain 
areas for the protection of flora and fauna (Madjnoonian et al., 1999; 
Madjnoonian, 2000).  
In 1972 the Game and Fish Department evolved into the Department of the 
Environment of Iran. In 1974, the Department of the Environment of Iran 
enacted a new act called the Environmental Protection and Enhancement Act. 
This act, based on IUCN criteria, supersedes all previous nature conservation 
legislation. Four categories of protected natural areas are identified under this 
law. The protected area categories include ‘national park’, ‘national nature 
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monument’, ‘protected area’ and ‘wildlife refuge’ (Madjnoonian, 2000). Many 
sites changed in name and designation following the 1974 reclassification (for 
example, Golestan National Park was originally set up in 1956 as the Almeh 
and Ishaki Protected Region and subsequently as the Mohammed Reza Shah 
Wildlife Park in 1964) (Kiabi et al., 1993). Today, in Iran, the main administrative 
and management body for natural area protection is the Department of the 
Environment (IUCN, 1992). As table 5.1 shows, about 7.3% of the national 
territory is under protection for conservation purposes covering 152 sites 
(Madjnoonian, 2000; Zehzad, 2002). 
Table  5.1 Size and number of protected areas in Iran (Department of the Environment of 
Iran, 2005) 
Management 
Categories 
IUCN   Number of Sites Relative Size (%) Proportion (%) of 
Country Area 
National Park II 16 13.7 1 
Natural 
Monument  
III 13 0.1 <0.1 
Protected Areas IV, V or VI 90 54.7 4 
Wildlife Refuge IV 33 31.5 2.3 
Total  - 152 100.0 7.3 
Table 5.2 shows an increase in number and area of protected areas in Iran 
through time.  
Table  5.2 Protected areas in Iran  
(Department of the Environment of Iran, 2005; World database on protected areas, 2005) 
Year Total sites Area/ Hectare 
1970 28 1,478,627 
1975 65 4,008,501 
1980 79 5,852,087 
1985 98 7,451,158 
1990 105 8,044,421 
1995 112 8,634,141 
2000 128 9,294,456 
2005 152 11,791,788 
However, Madjnoonian (2000) believes that there are still some additional 
representative landscapes where new sites should be set aside in order to 
complete the network of protected areas in Iran. 
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5.3.2 Protected area types in Iran 
The Department of the Environment of Iran is responsible for the different types 
of protected areas, including ‘national park’, ‘national nature monument’, 
‘protected area’, ‘wildlife refuge’, ‘marine park’ and ‘wildlife reserve’. However, 
the first four of these categories of protected areas identified by law are the 
most important types of protected areas in Iran. A discussion of these four types 
follows (DOE, 2005; Madjnoonian, 1997; Madjnoonian, 2000): 
National parks  
A ‘national park’ is a designated part of Iran’s environment which is an 
outstanding representation of Iranian nature. This includes forests, rangelands, 
woodlands, prairies, water and mountains. As such, it is brought under 
protection in order to permanently preserve its natural ecology and to create a 
suitable environment for the flourishing of wildlife and growth of flora under 
natural conditions.  
National parks must represent outstanding examples of the nation's geological, 
ecological, geographic, historical, archaeological and scenic features to be set 
aside in perpetuity for their preservation, protection, conservation and 
recreational potential. An area is considered to be of national significance if it:  
is of sufficient scenic beauty;  
has unique geomorphologic and landscape features;  
has unique flora and flora and relatively pristine remnants of the 
regional flora representative of particular geographical zones;  
possesses diverse and/or unique examples of biotic communities or 
ecosystems; and  
is of sufficient size to permit public use and conservation of its nature.   
Management includes minimal measures necessary for the essential 
conservation of the area controls required to limit the damage from visitor use 
through zoning of recreational areas. Many parks permit human occupation, 
livestock grazing and agriculture, although attempts are being made for these 
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activities to be phased out. Permitted activities include provision for culling of 
wildlife through authorised hunting.  
National nature monuments  
The term ‘national nature reserve’ is applied to exemplary and rare instances of 
flora, fauna, or remarkable land formations or landscapes, or even ancient 
trees, which are brought under protection by designating a suitable perimeter.  
It is applied to small areas designated for the preservation of special features 
illustrating typical, unique or unusual phenomena of geological, scientific, 
historical and/or natural history interest. Prospective sites for this category have 
no minimum size. To be considered of national significance a national nature 
monument site must contain at least one of the following:  
- Outstanding geological formations or features illustrating a specific 
geological process;  
- Specialised physiographic areas: aquatic or terrestrial ecosystems 
containing representative, unique or unusual characteristics; 
- Habitats supporting endangered species; examples of scenic grandeur; 
individual specimens or groups of specimens representing the nation's 
zoological, botanic, geological or natural history. 
Such sites may or may not be open to visitors depending on the requirements of 
the feature for protection and preservation. Part of the management is to 
maintain certain species or to expose certain features for study. 
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Protected areas  
A ‘protected area’ applies to an area of Iranian natural areas, such as 
forest’ rangelands, prairies, water and mountains that is significantly important 
due to: 
- its impact on wildlife breeding, and  
- preservation of plant life or its natural state.   
Protected areas are managed to serve various environmental, conservation and 
protection needs. The sites are set up with multiple use and single use 
objectives, including ecological, scientific, economic, educational, cultural and 
recreational needs. There are different criteria for their management, ranging 
from protection of unique, unusual or representative flora and fauna, to unusual 
habitats or species at extremes of their range, to sites where the influence of 
humans on natural ecosystems can be measured. Areas are established to 
provide conditions conducive to the regeneration and amelioration of 
representative habitats and/or endangered species. Such regions are also 
envisaged as centres of breeding stock for the repopulation of wildlife species 
that are on the decline in adjacent areas.  
Unlicensed hunting is prohibited. The utilisation of rangeland and forest within 
the boundaries of protected areas is subject to restrictions promulgated with the 
co-operation of the Ministry of Agriculture. If livestock grazing, woodcutting or 
other activities are likely to alter the natural environment, they can be curtailed 
in accordance with the legislation of 1974.  
Human populations are often present, but in practice, an effort has been made 
to exclude villages and other human habitations. Policies include attempts to 
phase out human settlement, grazing and agriculture. In a number of cases, 
research and limited tourism are allowed. Protected areas often act as buffer 
zones encompassing national parks, ensuring that development can be 
regulated and to limit or avoid management problems.  
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Wildlife refuge  
A ‘wild life refuge’ applies to an area of Iranian natural resources, such as 
forest’ rangelands, prairies, water and mountains that has natural habitats and 
special climate qualifications. These habitats are brought under protection in 
order to protect and revive wild animals.  
Areas of representative habitat types are set aside for conservation and 
management of native animals, and the protection and management of their 
habitat. Management practice includes restoration of these resources.    
Recreational use by the public is secondary to the purpose of management for 
wildlife and vegetation restoration. Wildlife refuges may include public use 
zones in which farming, livestock grazing, vegetation cutting or other land use 
activities are permitted and sometimes encouraged to enhance the wildlife 
values of the reserves.  
Hunting, fishing, trapping, poisoning, or capturing of wildlife and collection of 
flora is prohibited except where such activities are consonant with management 
practices. Settlements and human activity are restricted, eliminated or 
prohibited according to Department of the Environment regulations.  
5.3.3 Similarities and disparities between different types of Iranian 
protected area 
All different types of Iranian protected areas are equally important. However, 
they have different levels of conservation in their management policies. National 
parks, for example, have the strongest preservation policy compared with other 
management types. No human occupation, livestock grazing or agricultural 
activities are permitted inside national parks. However, recreational activities 
are possible in recreational centres in national parks in Iran. Extensive 
recreational activities such as walking are not permitted within conservation 
zones of national parks with a ‘strict protection zone’ and ‘wilderness zone’.  
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On the other hand, Wildlife Refuges have the weakest conservation 
management policy. Wildlife refuges may include public use zones in which 
farming, livestock grazing, vegetation cutting or other traditional land use 
activities are permitted. More attention to conservation of animal habitats in 
Wildlife Refuge is the main difference between Protected Area and Wildlife 
Refuges.  
Natural monument parks are usually small area. This may include a small area 
protecting just a natural significance. For example, Sarve Harzvil Natural 
Monument has an area less than one hectare. This natural monument was 
established to protect a 2500 years old cypress tree (DOE, 2005). Other types 
of protected areas can be very big. For example, Tooran Protected Area has an 
area about 565,000 hectares. The following table shows different management 
zones that may apply in these different types of Iranian protected area 
(Makhdoum, 1998; Mirkarimi, 1999).     
Table  5.3 Various types of zones in different management types of Iranian protected 
areas 
Types of Zones 
 
Within protected area Outside protected 
area 
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Table 5.3 shows that national parks have the greatest variety of management 
zones. This could be because of the environmental characteristics of national 
parks in Iran. They have the highest rate of biodiversity among other types of 
protected areas. In addition, they have the greatest variety of natural visitation 
attractions and opportunities as well as the most developed tourist facilities. 
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National parks in Iran have the most supportive management policies towards 
conservation (Madjnoonian, 2000).   
5.3.4 The Iranian case studies  
Three Iranian national parks (Golestan National Park, Khojeir National Park and 
Sorkhe-hesar National Park) have been selected as case studies for this 
research (figure 5.1).  
Golestan National Park is ranked the highest among all Iranian protected areas. 
According to Sümer Gülez’s national parks evaluation method (1992), among 
Iranian national parks, Golestan National Park has the best rank in natural, 
cultural and recreational resources, using the international criteria for national 
parks resources. Khojeir National Park and Sorkhe-hesar National Park are 
ranked five and six respectively (Madjnoonian, 2000).  
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The Parks show different spatial and temporal characteristics. For example, 
Golestan National Park is relatively far from major cities, while Khojeir National 
Park and Sorkhe-hesar National Park are located in one of the most populated 
places in Iran. The Asian Highway has fragmented Golestan National Park into 
two sections. This is an important issue for the Park.  
Golestan National Park 
In 1956, this area was entrusted to the Game Council of Iran, and in 1957 
became known as the Almeh and Ishaki Protected Area. In 1960, its name 
changed to the Almeh Protected Area and later in 1964 became the 
Mohammad Reza Shah Wildlife Park. Finally, the reserve in 1970 was 
designated a national park (IUCN, 1992; Kiabi et al., 1993; Madjnoonian et al., 
1999). This park is assigned Category II in the IUCN system of protected area 
categorisation.  
Importance: Golestan National Park is one of the most important protected 
areas in Iran. It was the first natural environment in Iran to be designated as a 
National Park. In addition, the Park presents a rich biodiversity area including 
one third of Iran’s total bird species, 50 percent of total mammal species and 
over 1300 plant species. The reserve is also internationally important. It was 
designated as a biosphere reserve* in 1976 (Kiabi et al., 1993; Madjnoonian et 
al., 1999; Makhdoum et al., 1999).  
Location: Golestan National Park is located in the northern part of Iran near the 
border with Turkmenistan and with an area of about 91,000 hectares. This park 
is situated between two large cities, Gorgan and Mashhad. Golestan National 
                                            
 
 
*
 Biosphere reserves are areas of terrestrial and coastal ecosystems promoting solutions to reconcile 
the conservation of biodiversity with its sustainable use. Biosphere reserves are organized into three 
interrelated zones, known as the core area, the buffer zone and the transition area and only the core 
area requires legal protection. A number of biosphere reserves simultaneously encompass areas 
protected under other systems (such as national parks or nature reserves) and other internationally 
recognized sites (MAB, 2005).  
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Park is at 37°24’N 55°58’E (37.403°N and 55.976°E) (IUCN, 1992; Kiabi et al., 
1993; Madjnoonian et al., 1999; Makhdoum et al., 1999).  
Physical features: Golestan National Park is a mountainous region, with high 
ranges and many deep valleys. However, a small plain is situated in the South 
East region of the Park. Golestan National Park has a minimum height of 450 
metres and a maximum altitude of 2411 metres (IUCN, 1992; Kiabi et al., 1993; 
Madjnoonian et al., 1999; Makhdoum et al., 1999).  
Climatic conditions: The climate of Golestan National Park is affected by the 
humidity of the Caspian Sea, and the moisture brought in by the Western winds, 
making it a humid region. Annual temperature average variation is 7.2°C - 22°C. 
Minimum relative humidity of the region is 60 percent but increases up to 83 
percent in the summer (IUCN, 1992; Kiabi et al., 1993; Madjnoonian et al., 
1999; Makhdoum et al., 1999). However, the climatic condition varies at 
different heights in the Park. The following table compares air temperature in 
two stations outside in the western area near the Park.  
Table  5.4 Temperature at Golestan National Park derived from Makhdoum et al., 1999 
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Mean 
170 
metres 1.7 2.4 3.4 8.5 12.8 17.8 20.7 20.1 16.4 10.7 6.6 3.3 10.4 Mean Daily 
Minimum 
°C 
1010 
metres -5.7 -4.2 -2.4 2.8 7.5 12.4 15.7 14.6 10.1 2.9 -1.9 -3.7 4.0 
170 
metres 13.6 14.1 15.8 22.4 27.8 34.2 34.8 34.0 32.1 26.4 21.3 16.0 24.4 
Mean 
Daily 
Maximum 
°C 
1010 
metres 7.1 9.0 12.5 20.0 24.3 29.5 30.3 30.1 27.8 20.9 15.1 9.1 19.6 
These stations are located at two different altitudes: at 1010 metres in the south 
and at 170 metres in the west (Makhdoum et al., 1999). The temperature is 
lower at the higher altitude (table 5.4). 
Table  5.5 Average rainfall in millimetres at Golestan National Park derived from 
Makhdoum et al., 1999   
 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Sum 
150 
metres 20 29 66 80 1 20 1 6 22 48 55 28 376 
Most of the humidity is due to the mountainous rainfall. Annual rainfall 
precipitation varies between 150 and 1000 millimetres. Moving from west to 
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east, rainfall decreases. This variation is higher than the differences between 
the lower and higher altitude in the Park (Makhdoum et al., 1999). Table 5.5 
shows average rainfall in millimetres at 150 metre altitude in the northwest. 
Geology: The most dated sediments of this region belong to Upper Pre - 
Cambrian, which have been deposited in the east of the Park (IUCN, 1992; 
Kiabi et al., 1993; Madjnoonian et al., 1999; Makhdoum et al., 1999).  
Water resources: One river, several streams and many springs form the water 
resources for the area, the major one being the "Doogh River". Seasonal 
streams such as the famous "Abshar" and "Adnaseh" streams stretch along the 
valleys of the forest regions where rainfall and humidity are higher. In addition to 
rivers, streams and springs there are several permanent and seasonal 
waterways and aqueducts inside the valleys (Kiabi et al., 1993; Madjnoonian et 
al., 1999; Makhdoum et al., 1999).  
Vegetation: Vegetation cover is mainly representative of Hyrcanian and Irano-
Turanian. 
 
Figure 5.2 The different vegetation cover of the western section and the eastern section 
of Golestan National Park. The western section of the Park is covered with more 
vegetation. The Park’s border was added to the original map using GIS (Map derived 
from Google Earth, 2005)  
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 5 – Developing a framework for landscape ecological planning: a case study approach 103 
Annual precipitation in the western section of the Park is between 500 and 600 
millimetres, with humid, temperate weather conditions. Hyrcanian forests 
representative of highland regions are common in this area. The extreme 
eastern section of the Park is a steppe, dry region with an annual precipitation 
of 400 millimetres or less, and a vegetation cover of the Irano-Turanian type. 
Both Hyrcanian and Irano-Turanian vegetation cover the boundary between the 
two sections of the east and west, though sometimes elements of the 
Mediterranean type are also evident. 
Generally, the Park is mostly covered with shrubs, conifers and pastures. 
Annual precipitation of this region is between 400 and 500 millimetres and there 
are more than 1300 plant species in this park (Kiabi et al., 1993; Madjnoonian et 
al., 1999; Makhdoum, et al., 1999). 
    
Figure 5.3 Golshan recreation centre, Golestan National Park in 1999     
Wildlife: Golestan National Park, as already mentioned, is diverse in terms of 
floristic associations. Therefore, it has provided diverse habitats for its wildlife 
(Kiabi et al., 1993; Madjnoonian et al., 1999; Makhdoum et al., 1999):   
60 species belonging to 6 orders of mammals have been reported 
from the Park, including 3 species of hedgehogs, 6 species of shrew, 
18 species of chiropters or bats, 2 species of pika and rabbit, 18 
species of rodent, 16 species of carnivores and 6 species of 
artiodactyl or even-toed ungulates. 
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150 species of birds belonging to 15 orders inhabit this park. The Park 
is also a good haven for rare birds, such as the golden eagle, falcon, 
bearded vulture, imperial eagle, and white-tailed sea eagle. 
3 species of amphibian have been reported from Golestan National 
Park. 
21 species of reptiles such as the Central Asian Cobra, Large Whip 
Snake and Pseudocerastes Persicus live in this park.  
The Doogh River in the Park stretches to about 15 kilometres. There 
are 8 species of fish living in this river.  
Cultural aspects: Golestan National Park offers a great ethnic diversity. About 
40,000 inhabitants in the surrounding villages are Turk, Persian and Kurdish. 
Their main activities consist of agriculture, animal husbandry, horticulture, silk 
production and tourism (Mirkarimi, 1999). The western section of the Park is cut 
by the Asian Highway, which then runs parallel to the southern boundary 
between Dasht and Chamanbeed villages. This highway is the main cause of 
habitat fragmentation. In addition, this highway is responsible for people 
entering the Park. It is the only highway available for travel between the north 
and north-east of Iran. Many animals are killed and leisurely driving at peak 
hours is difficult. Most importantly, there are human activities such as illegal 
hunting of large mammals, overgrazing of rangelands, deforestation, conversion 
of surrounding areas to agriculture, as well as construction and development for 
human settlement which have a negative impact (Madjnoonian et al., 1999; 
Mirkarimi, 1999).  
           
Figure 5.4 Eastern entry of Golshan recreation centre, Golestan National Park. The main 
road in the photo shows the Asian Highway in 1999 
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Visitors and visitor facilities: There are a number of recreation sites around 
the Asian Highway inside the Park which have overnight accommodation 
(Madjnoonian et al., 1999; Mirkarimi, 1999) (figure 5.4). For the Park, the peak 
visitation season is summer. A survey carried out in the summer of 1999 
revealed 50,000 people per day pass through the Park. The reserve represents 
one of the few available areas of public open space between Mashed and 
Gorgon. Facilities include 3 visitor lodges, 5 parking lots, toilets and picnic areas 
as well as tracks, a visitor centre and a camping site (Mirkarimi, 1999). 
Khojeir National Park & Sorkhe-hesar National Park 
These two case studies (Khojeir National Park and Sorkhe-hesar National Park) 
are located southeast of Tehran. Tehran, the capital of Iran, is the largest city in 
the country. Its population is more than seven million. Tehran province has 
more than twelve million people (Statistic Centre of Iran, 2005).  
These two parks are parts of a protected area called Jadjrood Protected Area. 
The area of the Parks has been protected since the early 1800s. The Parks 
were the oldest royal hunting areas in Iran (Makhdoum et al., 1987; DOE, 
2005). Khojeir National Park and Sorkhe-hesar National Park are assigned 
Category II in the IUCN system of protected area categorisation. In 1982, these 
areas were entrusted to the department of the Environment of Iran (Makhdoum 
et al., 1987). 
Importance: The Parks have a natural landscape. They are located between 
the mountainous area of Alborz and the desert plain of Dashte-kavir. Therefore, 
their landscapes are a combination of mountains and desert, and they are rich 
in plant diversity. Their beautiful landscape deserves to be a tourism attraction 
(DOE, 2005; Makhdoum et al., 1987).   
Location: Khojeir National Park is located to the east of Tehran, and south of 
the Tehran-north highway with an area of 9904 hectares. Its location is at 
35°40’N 51°44’E (35.667°N 51.735°E) (Makhdoum et al., 1987; DOE, 2005). 
Sorkhe-hesar National Park is located to the east of Tehran, and south of the 
Tehran-north highway with an area of 8979 hectares. Its location is at 35°40’N 
51°34’E (35.667°N 51.572°E) (DOE, 2005; Makhdoum et al., 1987).   
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Physical features: Both parks have a mountainous nature with a minimum of 
1200 metre altitude. Khojeir National Park has a maximum altitude of 2200 
metres while Sorkhe-hesar National Park has a maximum altitude of 1800 
metres. The river of Jadjrood passes through of Khojeir National Park 
(Makhdoum et al., 1987).  
Geology: The sediments of the Parks belong to four geological periods 
including Jurassic, Cretaceous, Palaeogene and Neogene (Makhdoum et al., 
1987). 
Climatic conditions: Khojeir National Park and Sorkhe-hesar National Park 
have a cool climate. Annual temperature average ranges between 7.7 and 19.3 
centigrade. Annual freezing days are about 100 days. Minimum relative 
humidity of the region is 25 percent, but increases up to 68 percent in the 
summer (Makhdoum et al., 1987). 
However, the climatic conditions vary in the different altitudes of the Parks. The 
temperature is lower at the higher altitudes, while rainfall, humidity and freezing 
days are higher. The following table compares temperature at 1400 metres and 
1800 metres in the Parks: 
Table  5.6 Temperature at Khojeir National Park & Sorkhe-hesar National Park derived 
from Makhdoum et al., 1987 
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Mean 
1400 
metres -3.2 -1.6 3.2 7.9 13.2 17.7 20.9 19.8 15.9 10.1 3.8 -0.7 8.9 
Mean 
Daily 
Minimum 
°C 1800 metres -6.2 -4.6 0.5 5.4 10.5 14.9 18.2 17.8 13.2 7.7 1.8 -3.0 6.4 
1400 
metres 6.1 8.6 13.8 19.3 25.8 31.6 34.5 33.7 30.0 22.9 15.2 8.8 20.9 
Mean 
Daily 
Maximum 
°C 
1800 
metres 3.5 5.7 10.4 15.9 22.3 28.3 31.2 30.2 26.6 19.7 12.5 6.1 17.7 
 
A minimum average annual precipitation of 280 millimetres is in Khojeir National 
Park and is 275 millimetres in Sorkhe-hesar National Park. Maximum average 
annual precipitation is 450 millimetres in both parks (Makhdoum et al., 1987). 
Table 5.7 shows average rainfall in millimetres at 1400 metre altitude and at 
1800 metre altitude. Average rainfall is higher at higher altitudes.  
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 Table  5.7 Average rainfall in millimetres at Khojeir National Park & Sorkhe-hesar National 
Park derived from Makhdoum et al., 1987   
 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Sum 
1400 
metres 50 41 46 39 21 6 5 3 2 13 27 42 295 
1800 
metres 61 50 55 53 38 11 9 5 4 21 37 49 393 
Water resources: One river, several streams and many springs form the water 
resources of the area, the major one being the "Jadjrood" river. In addition to 
the river, streams and springs, several permanent and seasonal waterways and 
aqueducts ripple inside Khojier National Park (Makhdoum et al. 1987).  
Vegetation: These two case studies have over 740 different plant species from 
375 genus and eighty families (Makhdoum et al., 1987).  
Wildlife: Khojeir National Park and Sorkhe-hesar National Park, as already 
mentioned, are very diverse in terms of floristic associations. Therefore, they 
provide diverse habitats for their wildlife (Makhdoum et al., 1987):   
21 species of mammals have been reported from the Khojeir National 
Park, and 20 species from the Sorkhe-hesar National Park 
There are 110 species of birds belonging to Khojeir National Park and 
111 belonging to Sorkhe-hesar National Park 
A species of amphibian has been reported from Khojeir National Park 
and 2 species from Sorkhe-hesar National Park 
12 species of reptiles live in Khojeir National Park and 9 species in 
Sorkhe-hesar National Park  
There are 9 species of fish living in Jadjrood River in Khojeir National 
Park  
Cultural aspects: About 5,000 inhabitants live in 22 villages surrounding 
Khojeir National Park. About 1,000 inhabitants, both inside and surrounding 
Sorkhe-hesar National Park, live in 10 villages. Their main activities consist of 
agriculture, animal husbandry and horticulture (Makhdoum et al., 1987). A road 
cuts the south-western part of Khojeir National Park (Meigooni, 1989). This road 
is the main cause of habitat fragmentation. One of the most important cultural 
aspects is human activity. During some holidays, tourists are the cause of fires 
in the Parks and many tourists also leave their waste inside the Park’s 
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boundaries. In addition, illegal hunting of large mammals, overgrazing of 
rangelands, conversion of surrounding areas of the Parks to agriculture as well 
as construction and development for human settlement by local inhabitants all 
have negative impacts on the Parks (Makhdoum et al.,1987).   
5.3.5 Identified problems of the Iranian case studies 
Differences in management of the Parks and differences in environmental 
characteristics can lead to differences in the Parks’ issues and the Parks 
management challenges. In the following sections, management issues and 
park management challenges of Golestan National Park, Khojeir National Park 
and Sorkhe-hesar National Park will be derived from their management plans. 
This is important as the idea of this research project is to develop a planning 
framework to help protected area planners and managers to solve park 
problems. As Khojeir National Park and Sorkhe-hesar National Park are located 
close together, generally they have similar major parks management issues. 
Therefore, their issues will be discussed in one section:  
Golestan National Park 
Catchment management: During August 2001, heavy rainfall took place over 
Golestan province and through Golestan National Park. It was one of the worst 
flooding cases in Iran in the past decades. It damaged more than 5000 square 
kilometres of rural and urban regions. A year after in September 2002, there 
was another heavy flood in the same area which killed 190 people. In August 
2004, another flood killed 6 people, and in August 2005 a further flood killed 36 
people. Topographic characteristics, human activities and the weather 
conditions can be considered as elements responsible for these floods (ISNA, 
2006) (figure 5.5). In addition, the existence of a highway inside the Park could 
increase flood damage by easing the flow of water. 
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 Figure 5.5 Linear flood plain in Golestan National Park, cropped from Google Earth, 
2006 
Highway effects: The existing Asian Highway is the main cause for different 
intrusions and habitat fragmentation in the Park. The highway brings thousands 
of vehicles into the Park every day. This brings more than real ‘parks’ visitors’ to 
the Park. These additional visitors are just passing through the Park because 
there is no alternative route from the north to the north east of Iran. Vehicles, 
especially long vehicles increase pressure on wildlife not only by adding oil or 
other contaminants but also by making noise.   
             
Figure 5.6 Asian Highway inside Golestan National Park       
 
 
Asian Highway 
Linier Flood Plain 
 
Golestan National Park  
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 5 – Developing a framework for landscape ecological planning: a case study approach 110 
Community awareness: One of the most important issues for the Park is 
introducing the importance of the Park to the community. The importance of the 
Park is not well known to the community, or to organisations other than the 
Department of the Environment of Iran, and to governors and politicians at local 
and national level. The highway inside the Park is under the management of the 
Iran Ministry of Road and Transportation. Therefore, inside the Park area, there 
are two different management policies for road development and park 
conservation. The highway inside the Park is a major park issue. The highway 
needs to be closed urgently (Madjnoonian et al., 1999). However, after the 
partial destruction of the highway by a massive flood in 2001, the road was 
reconstructed. 
Fire management: In the last 30 years, about 85% of the fires in the Park were 
started from human related causes. Of this figure, local people who are in 
conflict with park management are responsible for about 40% of the fires. 
Visitors and illegal hunters are responsible for about 45%.  
Visitor management: During Summer, the Park has fifty thousand visitors every 
day. As mentioned, although this number does not show real ‘Park Visitors’, it 
shows the number of users per day during the peak period. As all picnic areas 
and car parks are overloaded, it is common to see off-road or roadside parking 
within the Park.  
Parks boundary management: Where there is no natural border between the 
Park and its adjacent area, the location of the Parks boundary cannot be 
precisely determined. In the south, for example, local people engaged in 
agricultural activities have cleared parts of the forest area.   
Adjacent land area:  An asphalt plant and many farms are located in the 
neighbourhood areas. There is a reserve to the Northeast of the Park called 
Gorkhod Protected Area. There is significant animal movement between the 
Gorkhod Protected Area and Golestan National Park. These two parks are 
managed differently. The level of conservation in the Gorkhod Protected Area is 
lower than in Golestan National Park. Animals are more under pressure by 
unauthorised hunters when they are in Gorkhod Protected Area.   
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Animal management: Hunting, the existing highway and the inadequate area of 
the Park are animal management issues of the Park. To have safe animal 
movements, the area of the Park must be expanded to cover all animal habitats. 
Khojier National Park and Sorkhe-hesar National Park 
Animal management: The existing pressure and destruction of natural habitats, 
unauthorized hunting as well as rubbish throwing, bringing domestic animals 
into the Parks, and grazing by domestic animals are all animal management 
issues in the Parks. Military training and the existence of highways around the 
Parks are affecting habitat safety. In addition, human activities such as 
husbandry inside and in adjacent areas are other animal management issues 
for the Parks. 
Domestic animals within the Parks: Seasonal grazing by sheep and goats 
especially in the Spring as well as a sheep farm in an adjacent area are 
management issues that can affect the ecological condition of the Parks. 
Grazing can increase the risk of soil erosion and vegetation destruction.  
Waste management: There is an unauthorised rubbish-dump near Khojeir 
National Park. Plastic bags and other rubbish from this dump area are brought 
into the Parks by wind.   
Community awareness: The Park is in conflict with military activities, sheep 
keeping and settlement within the Park. The importance of the Park is not well 
known by the community, governors and politicians. This is one of the major 
issues in protected areas management in Iran. There are a number of 
applications for industrial activities in neighbouring areas. There is a current 
forest planting plan in Jadjrood by the Forest, Range and Watershed 
Management Organization of Iran. This plan can have a negative impact on the 
Parks ecosystem. For example, it can encourage new animal movement 
patterns to the new forest areas.   
Agriculture and husbandry:  Agriculture and husbandry especially in Khojeir 
National Park is a management issue. It can bring pesticides and can introduce 
non-native plants to the Parks.  
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Military activities: There is military camping and training activities adjacent to 
Sorkhe-hesar National Park and within the Park. This is a major issue for the 
Park.  
Vegetation management: Grazing and flower harvesting are management 
issues in the vegetation management of the Parks. Agricultural activities within 
and in neighbourhood areas can be considered as another vegetation 
management issue of the Parks as agriculture can have a negative effect on 
native plant species, for example, by adding pesticide to the area. 
Other management issues: The Parks are surrounded by main roads and 
highways. In addition, the Parks are close to Tehran and are located in one of 
the most developed areas in Iran. Agricultural activities, military activities and 
asphalt plants make the Parks islands of natural areas within developed 
surrounding areas. Being close to Tehran is a reason for overloaded visitor 
centres especially in the peak seasons. There is a need to establish more 
recreational centres for the local populations.   
Local community: The existence of settlement areas within Khojeir National 
Park and adjacent to the Parks are a management issue. There are some 
husbandry and agricultural activities by local people. This can affect the natural 
ecosystem of the Park. It has changed the landscape of the Park from a natural 
landscape to a settlement area (figure 5.7).  
           
Figure 5.7 Human settlements in Khojeir National Park surrounding areas  
(Photos: ISNA, 2006)  
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5.4  Protected areas in Australia 
5.4.1 Protected areas in Australia  
The first human inhabitants of Australia, the Aboriginal people, had a traditional 
relationship with their natural environment. They protected their sacred sites 
and reserved some specific plants and animals because of their social and 
religious belief about how they must use the environment. In the 1850s, a new 
model of conserving the natural environment was started by the non-indigenous 
inhabitants in Australia. By the 1890s, royal societies and natural history 
societies were established. They had a crucial role in establishing national 
parks and reserves (Hutton & Connors, 1999; Worboys et al., 2001). 
The Jenolan Caves in New South Wales (NSW), the first non-Aboriginal 
protected area in Australia, was established in 1866 as a water reserve and, in 
1879, the first Australian national park (Royal National Park in NSW) was 
established. Nowadays, each state and territory is responsible for the 
maintenance of its protected areas system by different legislation, policy, 
definition, categories and strategies (Hutton & Connors, 1999; Worboys et al., 
2001). Currently, there are more than 7100 protected areas in Australia 
(Department of the Environment and Heritage, 2005).  
5.4.2 System of protected areas currently in Australia 
In Australia, there are six state and two territory governments, and a 
Commonwealth Government. Each may have a different management system 
for natural areas. However, eleven principal agencies have administrative 
structures to conserve and manage natural areas in Australia. These agencies 
are guided not only by points covered in the establishing legislation, but also by 
other legislation which refers to particular activities or broader laws which also 
apply in protected areas. In addition, private individuals and Non-Government 
Organizations protect some areas (Worboys et al., 2001).  
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 5 – Developing a framework for landscape ecological planning: a case study approach 114 
All jurisdictions are working together to improve the protected area systems. 
There is cooperation through the National Parks and Protected Area 
Management Committee. The Committee comprises representatives of each 
state and territory park service, the Australian Government Department of 
Environment and Heritage and New Zealand's Department of Conservation. 
Cooperation is achieved in areas such as best practice in park management, 
and consistent management across borders. Since 1992, the Commonwealth 
Government, in cooperation with the State and Territory Governments, has run 
a directed program, titled the ‘National Reserve System Program’, to improve 
protected area estate.  
Table  5.8 Different types of terrestrial protected areas in Australia 
Different types of terrestrial protected areas 
Botanic Garden Native Forest Reserve Phillip Island Nature Park 
Coastal Reserve Natural Features Reserve Private Nature Reserve 
Conservation Area Natural Features Reserve - Bushland Reserve Protected Area 
Conservation Covenant Natural Features Reserve - Cave Reserve Recreation Park 
Conservation Park Natural Features Reserve - Geological Reserve Reference Area 
Conservation Reserve Natural Features Reserve - Gippsland Lakes Reserve Regional Reserve 
Feature Protection Area 
Natural Features Reserve - 
Natural Features and Scenic 
Reserves 
Reserve 
Flora Reserve (no spatial data) Natural Features Reserve - River Murray Reserve Resource Reserve 
Forest Reserve Natural Features Reserve - Scenic Reserve Scientific Area 
Game Reserve Natural Features Reserve - Streamside Reserve State Park 
Heritage Agreement Area 
(additional information) 
Natural Features Reserve - 
Wildlife Reserve (hunting) State Reserve 
Historic Site Nature Conservation Reserve Wilderness Park 
Historical Reserve Nature Conservation Reserve - Flora and Fauna Reserve Wilderness Protection Area 
Hunting Reserve Nature Conservation Reserve - Flora Reserve Indigenous Protected Area 
Karst Conservation Reserve Nature Conservation Reserve - Wildlife Reserve (no hunting) 
Additional Types (recorded in areas 
above) 
Management Agreement Area Nature Park Education Area (within other PA) 
Miscellaneous 
Conservation Reserve Nature Park (Aboriginal) Reference Area (within other PA) 
National Park Nature Recreation Area Remote and Natural Area (with 
other PA) 
National Park (Aboriginal) Nature Reserve Wilderness Zone (within other PA) 
National Park (Commonwealth) Other Conservation Area  
National Park (Scientific) Other Park  
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The National Representative System of Marine Protected Areas (NRSMPA) is a 
joint Commonwealth, State and Northern Territory initiative. NRSMPA is 
responsible for providing representative samples of coastal and marine 
ecosystems of Australia. At present, there are about sixty different types of 
terrestrial protected areas, twenty one types of marine protected areas, oceanic 
islands and external territory protected areas (tables 5.8 & 5.9 and figure 5.8).  
Table  5.9 Marine, oceanic islands and external territory protected areas 
Marine Protected Areas Oceanic Islands and External 
Territory Protected Areas 
Antarctic Special Protection 
Area 
Marine National Nature 
Reserve 
Antarctic Special Protection 
Area 
Aquatic Reserve Marine National Park National Park 
Conservation Park Marine Nature Reserve Nature Reserve 
Dugong Protection Area Marine Park Permanent Park Preserve 
Fish Habitat Area Marine Reserve  
Fisheries Reserve National Nature Reserve  
Historic Shipwreck National Park  
Historic Shipwreck Protection 
Zone Nature Reserve  
Marine & Coastal Park   
In 1994, Australia adopted the IUCN definition of a protected area and the use 
of the IUCN six level system describing management intent as the common 
basis for documenting the many different types of protected areas. Decisions 
about which areas meet this definition, and which IUCN category they belong 
to, are the responsibility of each jurisdiction.  
Many protected areas, particularly larger ones, contain a range of smaller areas 
or zones that satisfy different categories within the IUCN system. For example, 
the Great Barrier Reef Marine Park is listed as a category VI protected area 
overall, but it contains a number of zones that would be classified as category II 
and I. The rule adopted for this publication is that recommended in the IUCN 
guidelines: that the category for the entire protected area should be that of the 
largest component, that is, the largest area extent (Department of the 
Environment and Heritage, 2005). 
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Figure 5.8 Protected areas of Australia (Australian Antarctic division terrestrial protected 
areas and some marine protected areas are not included)  
(Cropped from: Department of the Environment and Heritage (2005))  
 
Generally, in Australia, more than 7100 protected areas are managed in more 
than 80 different categories by eleven principal agencies in nine jurisdictions, by 
legislation that refers to particular activities or broader laws (figure 5.9). 
 
 
 
 
Figure 5.9 Protected area management hierarchy in Australia 
Australia and New Zealand 
Environment and Conservation 
Council Jurisdictions: The six States and two 
self-governing Territories, and a 
Commonwealth system  
Area Acts and Laws  
Principle Protected Area 
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Terrestrial          
 
Marine    ∗  & 
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5.4.3 The Australian case studies  
Three Australian case studies have been selected from the state of Victoria 
(figure 5.10). Currently, Parks Victoria manages 134 areas including 39 national 
parks, 3 wilderness parks, 30 state parks, 5 coastal parks, 3 historic parks, 2 
nature conservation reserves, 4 regional parks and hunting farm, 3 marine and 
coastal parks, 2 marine parks, 1 marine reserve, 13 marine national parks, and 
11 marine sanctuaries.  
Parks Victoria also manages 16 non-schedule areas to which particular 
provisions of the National Parks Act of 1975 apply. In addition, Parks Victoria 
manages 19 Wilderness Zones within national parks, 22 remote and natural 
areas within national parks, and 2 designated water supply catchment areas 
(Department of Sustainability and Environment, 2005). The total areas 
managed by the Victorian Government are 3,427,880 hectares. Of the total 
Victorian land area, 14.8 percent is managed as terrestrial protected areas 
(Worboys et al., 2001). 
The National Parks Act of 1975 defines a national park as (Parks Victoria 
Education Resource Kit, 2002a):  
certain Crown land characterised by its predominantly unspoilt 
landscape, and its flora or other features, that should be preserved and 
protected permanently for the benefit of the public 
Three Australian national parks (the Grampians National Park, Port Campbell 
National Park and Wilsons Promontory National Park) have been selected as 
case studies for this research project.  
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The Grampians National Park  
The Park is managed in accordance with the National Parks Act 1975 (Victoria), 
to protect its outstanding natural and cultural values, and provide for a range of 
recreation opportunities including scenic driving, camping, bushwalking and 
rock climbing. High-quality visitor facilities and services enhance visitor 
experiences in the Park. The Park is assigned the World Conservation Union 
(IUCN) Category II (National Parks) of the United Nations’ list of National Parks 
and Protected Areas (Parks Victoria, 2003). 
Importance: The Grampians National Park makes a valuable contribution to 
Victoria’s parks and reserves system, which aims to protect viable, 
representative samples of the State’s natural environments. The Park also 
enables visitors to enjoy and appreciate natural and cultural values, and makes 
an important contribution to tourism. The Grampians National Park is the fourth 
largest, and one of the highest profile parks in Victoria (Parks Victoria, 2003).  
Location: The Grampians National Park is located in central western Victoria, 
between Stawell and Horsham on the Western Highway and Dunkeld on the 
Glenelg Highway, 260 kilometres from Melbourne and 460 kilometres from 
Adelaide. The Grampians National Park, with an area about 167,000 hectares, 
is the fourth largest national park in Victoria. The Grampians National Park is at 
37°15'S 142°25'E (-37.254°S 142.416°E) (Parks Victoria, 2003).  
Physical features: The Grampians National Park is a mountainous region, with 
high ranges and many deep valleys. The Park has a minimum altitude of 160 
metres and a maximum altitude of 1164 metres (Sibley, 1967).   
Geology: The Australian Heritage Commission has identified the whole park as 
being of high geological significance at the national level. The Grampians 
ranges are a series of three north–south orientated ranges rising abruptly from 
the surrounding plains. Mount William reaches the highest elevation at 1168 
metres.  
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Figure 5.11 The Grampians National Park  
The distinctive cuesta landform of the Grampians, consisting of abrupt 
escarpments and generally west-dipping slopes, is the result of complex 
geological processes beginning in the Palaeozoic era. Scree slopes have 
developed below escarpments, and outwash from the ranges has formed 
alluvial plains that are found in Victoria Valley and the Wannon Valley and as 
elongated strips along some valley floors (Parks Victoria, 2003).  
Climatic conditions: Generally, the Grampians National Park has a cool and 
wet climate in winter and spring, while summer and autumn are warm and dry. 
The temperature can fall below zero and snow can occasionally fall on the 
higher peaks in the Park at any time of the year. Annual average daily 
temperature range between 8.0 centigrade and 19.7 centigrade (Sibley, 1967) 
(table 5.10). Relative humidity varies between 35 and 88 percent throughout the 
year (Parks Victoria, 2002b).  
However, climatic conditions vary at different altitudes in the Park and may vary 
according to the distance from the sea. The following table compares air 
temperature in three stations around the Park. These stations are located: 
At 138 metre altitude in the north with the highest average daily 
maximum and the lowest minimum average daily temperature in 
winter,  
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At 187 metre altitude in the south, the nearest station to the sea, and 
with the lowest temperature during the summer,  
At 313 metre altitude in the east with lowest maximum and highest 
minimum temperature in winter.  
Table  5.10 Temperature at the Grampians National Park, derived from Sibley, 1967 
 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Mean 
138 
metres 12.9 13.3 11.1 8.3 6.1 4.6 3.9 4.4 5.5 7.3 9.8 11.8 8.3 
187 
metres 10.4 11.3 9.9 7.9 6.2 4.6 4.1 4.7 5.7 6.7 7.9 9.7 7.4 
Av
er
ag
e 
Da
ily
 
M
in
im
u
m
 
°
C 
313 
metres 11.4 12.6 11.3 8.7 7.1 5.1 4.4 5.1 6.3 7.5 9.1 10.7 8.3 
138 
metres 29.5 30.2 27.9 21.5 17.2 13.7 13.3 15.0 17.8 21.2 25.1 28.2 21.8 
187 
metres 25.2 25.9 23.4 19.0 15.6 12.8 12.3 13.4 15.5 18.2 20.6 23.3 18.8 
Av
er
ag
e 
Da
ily
 
M
ax
im
um
 
°
C 
313 
metres 26.0 26.2 23.3 18.3 14.7 11.2 10.8 12.4 15.1 18.2 21.5 24.2 18.5 
 
Mean average annual precipitation varies between 635 and 762 with up to 1000 
millimetres at high altitudes (Parks Victoria, 2002b). Table 5.11 shows average 
rainfall in millimetres at 138 metre altitude in the north and 187 metre altitude in 
the south and 510 metre altitude in the east inside the Park.   
Table  5.11 Average rainfall in millimetres at the Grampians National Park, derived from 
Sibley, 1967 and Parks Victoria, 2002b   
 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Sum 
138 metres 22 27 25 34 58 50 56 59 57 54 34 28 504 
 
187 metres 
 
32 32 42 54 70 74 74 78 72 67 52 47 694 
 
510 metres 
 
33 38 41 58 94 119 109 114 102 94 89 46 937 
Water resources: The Grampians contains the headwaters of several 
substantial streams. The high-quality water harvested from the Grampians is of 
fundamental importance to the economy of western Victoria and is an important 
asset of the Park. Water supplies to the Wimmera–system, which includes 
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towns and farms, come mainly from the Grampians. A range of water supply 
infrastructure is located in the Park, most of which pre-dates the creation of the 
Park. Construction, operation and maintenance of the infrastructure can have a 
substantial impact on the Park and requires careful management. The artificial 
Lake Bellfield, Lake Wartook and Moora Moora Reservoir are surrounded by 
but not included in the Park. Water harvesting from the Park has considerably 
reduced flows in sections of some streams in the Park. The potential for soil 
erosion throughout the Park catchments is high. The majority of soils are 
shallow and infertile, and occur on steep slopes. These soils are especially 
susceptible to erosion when the protective vegetation cover is disturbed by 
natural or management activities (Parks Victoria, 2003).  
Vegetation: The Grampians National Park has a rich diversity of flora, with 
approximately 975 native vascular plant species, representing one third of the 
State total. The Park is notable for being the most important botanical reserve in 
Victoria, exhibiting a rich and colourful wildflower display in spring. The Park 
supports 98 threatened vascular plant species. The Park contains 100% of the 
State’s records over the last 50 years for 20 threatened flora species. 26 plant 
species are endemic to the Park, and many others occur nowhere else in 
Victoria, although they may be found in other States. The Park contains a large 
variety of fungi. In 1999, an extensive survey identified approximately 500 
specimens (Parks Victoria, 2003). 
Wildlife: The Park has a high diversity of faunal habitats and a related high 
faunal diversity. The Park supports at least 230 bird species, 40 mammal 
species, 30 reptile species, 11 amphibian species, and 6 native fish species. 
Little is known of the majority of invertebrate species in the Park, although there 
are a number of significant butterfly species. The Park supports 50 threatened 
species including 5 bird species. The Victoria Valley heaths are of particular 
interest as they contain very similar fauna to that of south-west Victorian coastal 
heaths. The Grampians wetlands, particularly those in the south of the Park, 
support a diverse community of waterbirds, including the great egret. The 
numerous cliff faces provide nesting sites for the Peregrine Falcon, and large 
populations of Emus are found throughout the lowland areas (Parks Victoria, 
2003).  
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Cultural aspects: The dreamtime and aboriginal culture of the Grampians is 
integral to the Gournditch–Mara, Kirrae Wurrung and Wotjobaluk Nations 
(Indigenous Nations). Central to the dreaming is Bunjil, the great ancestor spirit. 
The indigenous nations have maintained a strong association with the Park 
since the Park’s proclamation in 1984. The indigenous nations have a long 
association with the Grampians. Aboriginal occupation of the Grampians dates 
back beyond 5000 years (Parks Victoria, 2003). 
The Park also contains a range of other known places and archaeological sites 
of particular significance to the Indigenous community. These include sites 
associated with rock shelters, quarries, mounds, surface scatters and scarred 
trees. The Park’s Indigenous culture is rich, diverse, and living, but will need 
support and protection to be sustained (Parks Victoria, 2003).  
       
Figure 5.12 Walking tracks in the Grampians National Park, 2004 
Visitors: The Park provides a wide range of outstanding opportunities for 
visitors to enjoy and appreciate scenic, natural and cultural values. The Park is 
the State’s third most visited national park after the Mornington Peninsula 
National Park and Port Campbell National Park, and attracts about 1.5 million 
visits every year. Over 90 percent of visitors are currently from Victoria and 
South Australia, with a high repeat visitation, particularly from Melbourne (Parks 
Victoria, 2003). 
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Port Campbell National Park 
The Park is managing, in accordance with the National Parks Act 1964 
(Victoria), to protect its outstanding natural and cultural values. In addition, it 
provides a range of recreation opportunities such as coastal scenery including 
the Twelve Apostles and Loch Ard Gorge, several of the major attractions of the 
Great Ocean Road touring route, extensive visitor facilities including lookouts, 
boardwalks, car parks and walking tracks and a variety of recreational 
experiences including walking, swimming, surfing, diving and sightseeing. The 
Park is assigned the World Conservation Union (IUCN) Category II (National 
Parks) of the United Nations’ list of National Parks and Protected Areas (Parks 
Victoria, 1998). 
Importance: Port Campbell National Park makes a valuable contribution to 
Victoria’s parks system, which aims to protect viable, representative samples of 
the State’s natural environments. The Park also enables visitors to enjoy and 
appreciate natural and cultural values, and makes an important contribution to 
tourism (Parks Victoria, 1998).  
Location: Port Campbell National Park is located on Victoria’s southern ocean 
coastline. It is located on the Great Ocean Road about 250 kilometres west of 
Melbourne. The Park has an area of about 1750 hectares. Port Campbell 
National Park is at 38°27’S 143°29’E (-38.443°S 143.480°E) (Parks Victoria, 
1998).  
Physical features: Port Campbell National Park is a coastal area. The Park 
forms a narrow coastal strip with a maximum width of two kilometres. The Park 
has ocean coastline and a maximum altitude of less than 150 metres (Parks 
Victoria, 1998).  
Geology: The geology of the Park comprises marine limestone and marls of the 
Tertiary age overlain by Pleistocene dune limestone. Undercut cliffs up to sixty 
metres high are the dominant coastal landform and create some of the most 
spectacular scenery in Australia such as the Twelve Apostles (Parks Victoria, 
1998).   
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Figure 5.13 The Twelve Apostles, Port Campbell National Park, 2004  
 Climatic conditions: Generally, Port Campbell National Park has a mild 
climate. Frosts or extremely hot days are rare. Average maximum temperature 
range between 13 centigrade in mid-winter and 23 centigrade in January and 
February (Parks Victoria, 2002b) (table 5.12). Winds generally blow from west 
to southwest. From January to April, winds are generally lighter compared with 
gale force westerly winds from May to December (Department of Conservation, 
Forests and Lands, 1988).   
Table  5.12 Temperature at Port Campbell National Park derived from Parks Victoria, 
2002b 
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Mean 
Average Daily 
Minimum °C 
13.4 13.8 12.7 10.6 8.9 6.9 6.1 6.7 7.8 9.2 10.4 11.9 9.9 
Average Daily 
Maximum °C 
23.5 23.4 22.1 19.7 16.6 14.6 13.8 14.8 16.3 18.4 20.0 21.5 18.7 
 
Mean average annual precipitation varies between 532 and 1354 millimetres. 
(Parks Victoria, 2002b). Table 5.13 shows average rainfall in millimetres at the 
Park. 
Table  5.13 Average rainfall in millimetres at Port Campbell National Park derived from 
Parks Victoria, 2002b 
 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Sum 
Average 
Rainfall 33 34 48 60 78 77 88 86 74 67 55 44 744 
 
Vegetation: Port Campbell National Park has 6 plant species of national 
significance along with eight species of State significance. Because of the 
extensive depletion of native vegetation in the surrounding region, many plant 
species in the Park are regionally significant (Parks Victoria, 1998).  
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Wildlife: Port Campbell National Park supports small populations of one 
nationally threatened species (Hooded Plover) and 12 species of State 
significance. The Park supports 2 threatened mammal species, 8 threatened 
bird species and 2 threatened reptile species (Parks Victoria, 1998). The Park 
has 18 mammal species, 151 bird species, 12 fish species, 5 reptile species 
and 8 amphibians (Department of Conservation, Forests and Lands, 1988; 
Parks Victoria, 2002b).  
Cultural aspect: The littoral zone in the Park area especially about the mouths 
of watercourses probably provided supplies for Aboriginal groups visiting the 
area. A variety of evidence of Aboriginal activities has been found in the Park, 
mostly shell staircases cut into the coastal cliffs, and at least one burial site. The 
various shell middens in the Park are close to coastal access points that are in 
some cases now visitor access points (Parks Victoria, 1998). 
Visitors: The Park provides a wide range of outstanding opportunities for 
visitors to enjoy and appreciate scenic values. The Park is the State’s second 
most visited National Park after the Mornington Peninsula and attracted about 
1.9 million visitors in 2001 - 2002. About 65 percent of visitors enter the Park 
along the Great Ocean Road from the east. An Easter 1994 visitor survey 
indicated that 35 percent of visitors were from interstate and ten percent from 
overseas. Most of the interstate visitors were from NSW and South Australia, 
and the majority of overseas visitors were from Europe, North America and 
Asia. During summer and autumn, visitor numbers increase (Parks Victoria, 
1998). 
Wilsons Promontory National Park 
The Park is managed in accordance with the National Parks Act 1975 (Victoria) 
to protect its outstanding natural and cultural values. Wilsons Promontory 
National Park has outstanding conservation, recreation and wilderness values. 
The Park is assigned the World Conservation Union (IUCN) Category II 
(National Parks) of the United Nations’ list of National Parks and Protected 
Areas (Parks Victoria, 2002). 
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Importance: Wilsons Promontory National Park is important for its range of 
plants and animals, including many threatened species. It is renowned for its 
spectacular coastal scenery and opportunity to enjoy its splendid natural setting 
in a variety of ways, such as walking, camping, sightseeing, viewing wildlife, 
fishing, boating. The Park is the oldest existing national park in Victoria. Much of 
it was temporarily reserved in 1898 and permanently in 1905. The reserve is 
also internationally important, and was designated as a biosphere reserve in 
1982 (Parks Victoria, 2002). 
Location: Wilsons Promontory National Park is in South Gippsland, about 200 
kilometres southeast of Melbourne. The Park has an area of about 50460 
hectares. Wilsons Promontory National Park is at 38°58’S 146°21’E (-
38.965°S 146.342°E) (Parks Victoria, 2002).  
Physical features: Parts of Wilsons Promontory National Park are 32 offshore 
sites of surrounding smaller islands. The Park has ocean coastline and a 
maximum altitude of 755 metres (Wescott, 1995).   
Geology: The Park has a variety of geological and landform features and has 
nine individual sites of state or regional significance. Coastal features include 
expansive intertidal mudflats, sandy beaches and sheltered coves interrupted 
by prominent headlands and plunging granite cliffs in the south, backed by 
coastal dunes and swamps. The soils have high erosion potential (Parks 
Victoria, 2002). 
Climatic conditions: Generally, Wilsons Promontory National Park has a 
cool/mild climate. Annual average temperature ranges between 11.1 centigrade 
and 16.2 centigrade (table 5.14).  
Table  5.14 Temperature at Wilsons Promontory National Park derived from Wescott, 1995 
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Mean 
Average Daily 
Minimum °C 
14.0 14.7 14.2 12.6 10.6 9.3 8.0 8.0 8.6 9.8 10.8 12.0 11.1 
Average Daily 
Maximum °C 
20.7 20.6 19.4 17.4 14.4 12.9 11.8 12.2 13.5 15.5 17.0 18.7 16.2 
The Park is relatively wet and often windy. Relative humidity varies between 70 
and 80 percent throughout the year (Wescott, 1995).  
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Mean average annual precipitation varies between 808 and 1083 millimetres 
across the north-to-south expanse of the Park, with the south and mountains 
generally being wetter (Wescott, 1995). Table 5.15 shows average rainfall in 
millimetres at three stations including Tidal River in the southwest, Wilsons 
Promontory lighthouse in the southeast and Yanakie in the northwest of the 
Park.  
Table  5.15 Average rainfall in millimetres at Wilsons Promontory National Park derived 
from Wescott, 1995   
 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Sum 
Tidal River 46 55 60 97 134 115 116 125 95 100 85 55 1083 
Lighthouse 49 48 70 89 112 120 116 117 97 94 74 64 1050 
Yanakie 48 33 75 81 74 93 87 76 79 65 46 51 808 
Water resources: Wilsons Promontory National Park is significant also 
because it is one of the few areas in Victoria where the rivers and streams are 
largely unmodified by drainage or engineering works. The Park is located in 
Mount Vereker Creek Natural Catchment. Tidal River stream provides all the 
water for settlements in the Tidal River area and within the Park (Parks Victoria, 
2002).   
Vegetation: The Park has a diverse range of vegetation with approximately 741 
native vascular plant species. It supports more than 100 threatened species 
(Parks Victoria, 2002).  
Wildlife: Wilsons Promontory National Park contains a wide range of habitat 
types which support more than 335 species of fauna, including more than 40 
threatened species. The Park supports 7 threatened mammal species, 39 
threatened bird species, 4 threatened fish species, 2 threatened insect species, 
3 threatened crustacean species and 4 threatened reptile and amphibian 
species (Parks Victoria, 2002).   
Cultural aspect: The Park has various cultural values including middens and 
other significant Aboriginal sites, remains of sites of several small European 
settlements and past uses of timber milling, mining and grazing as well as a 
number of shipwrecks in the waters, and the heritage buildings of Wilsons 
Promontory Light-station (Parks Victoria, 2002).   
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Figure 5.14 Wilsons Promontory National Park, Left: Tidal River April 2006, right: Fern 
Gully April 2006 (Parks Victoria, 2006)  
Visitors: The Park is one of the most important tourist destinations in Victoria. 
Wilsons Promontory National Park attracts about 400,000 visits in 2000 - 2001. 
The majority of visitors are from Melbourne and from other parts of Gippsland 
(Parks Victoria, 2002).  
5.4.4 Identified problems of the Australian case studies 
Differences in management of the Australian case studies and differences in 
environmental characteristics of parks studies can lead to differences in parks 
issues and park management challenges. Parks Victoria recognises a number 
of values and issues that need to be addressed in the management of each 
Australian case study, in the Parks management plans, and in Parks Victoria 
Education Resource Kit: section 4B (Parks Victoria, 2002 & 2002b).  
The Grampians National Park (Parks Victoria, 2002b) 
Vegetation management: Weed and disease invasion, high level use for 
recreational activities and by grazing animals, as well as fire or fire absence are 
the most important vegetation issues in the Park. Seeds of weed plants can 
travel into the national park via wind and via animal fur, road gravel and soil 
transport, the soles of people’s shoes, the treads of tyres, camping gear, people 
throwing seeds such as apple cores into the bush and from gardening efforts by 
settlers. The control of environmental weeds is an important part of 
management to prevent them from spreading further into the natural plant 
communities. In the Grampians National Park, the root fungus (Cinnamon 
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Fungus) is transported in the soil, by gravel, by vehicles or the soles of people’s 
shoes, and in the drainage water. The fungus is believed to have caused 
widespread decline and scattered death of trees. Rehabilitation and rotation of 
sites or routes, for example, should be considered in management to minimise 
the level of impact at intensively used recreation sites. 
Animal management: Land use activities such as grazing, timber harvesting, 
bee-keeping and intensive recreation may adversely affect wildlife. In addition, 
introduced animals are one of the animal management issues in the Grampians 
National Park. Native animals face strong competition from introduced animal 
species. Dogs are prohibited in the Park, even in vehicles in some areas in the 
Grampians National Park, because the sites are popular with kangaroos. 
Fire management: In the last 20 years, about 60% of wildfires in the Grampians 
were started by lightning. The remaining wildfires were started from human 
related causes. Fire is a major factor in the ecology of the Grampians’ flora and 
fauna. Most of its plants can resprout or regrow after a fire. Animals rely on 
plants for food and shelter so fire affects animals’ life cycle. To be able to 
conserve the flora and fauna of the Park, appropriate burning regimes are being 
researched and implemented. This means knowing the appropriate fire 
frequency and intensity, and the best season to burn for each plant and animal. 
Some species such as the Desert Banksia may require some deliberate burning 
by the Park management while other species may require protection from fire. 
Therefore, knowledge of how the plants flower, produce seed and grow 
following fire, along with knowledge of how animals survive, produce and 
migrate following fire, are important.  
Visual resources management: The richly varied landscape is one of the main 
features of the Park and a major attraction for visitors. Any development and 
construction activities may reduce the aesthetic value of park landscape. The 
Park has guidelines to assist with this, for example, written guidelines for the 
design and siting of roads, walking tracks and structures within the Park. 
Soil and geology management: Erosion is a major issue that should be 
considered in the soil and geology management of the Park. Four-wheel drive 
vehicles, off track driving, walkers forging new tracks, and short cutting existing 
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walking tracks, and excessive collection of firewood are the causes for the 
erosion. Compacting of the soil in camping grounds can increase the risk of 
erosion. Removing vegetation by clearing, fire, grazing or trampling can also 
increase the risk of erosion, and to the historical and cultural heritage. Some 
clay lowland soils can cause problems for transport particularly for two-wheel 
drive cars on some unsealed roads in winter. Some roads in the Park are 
closed to vehicle traffic seasonally or when required by weather conditions. For 
example, in 2006 there was a seasonal road closure plan for some roads from 
15 June to 2 November. 
Historical and cultural heritage management: Unfortunately some Indigenous 
rock art have been targets for vandalism and graffiti, so now the shelters are 
protected by wire grids. They also have drip deflectors to divert trickles of water. 
In addition, a number of historic sites and exotic plant species are protected 
because of their historic significance. 
Water resources: An uncontaminated water supply is necessary in order to 
provide high quality water for the urban areas surrounding the Grampians, and 
to protect the flora and fauna. The inappropriate disposal of human waste is a 
potential pollution problem. Therefore, camping sites and toilets must be buried 
at a considerable distance from any stream or water supply area. Water quality 
can be adversely affected by fire, recreation, road and logging in the catchment.  
Apiculture: Up to 100 sites are available to apiarists within the Grampians 
National Park. Honeybees are introduced insects, and there is a concern about 
their impact on the natural environment and native species. For example, plants 
can be hybridised because of honeybees’ feeding habits. Native bees have 
evolved to pollinate specific plants, while honeybees are inefficient pollinators of 
some native plants.  
Visitor use issues: The number of visitors to the Grampians is increasing. 
Visitors are coming to the Park for camping, picnicking, bush walking, 4-wheel 
driving, track bike riding, pleasure driving, cycling, rock climbing and abseiling, 
angling, swimming and boating. Wood collection for campfires can reduce the 
habitat available for small animals and invertebrates. Around campgrounds, 
there are litter problems. Erosion problems can be potential management 
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issues because of bush walking, four-wheel driving, track bike riding, pleasure 
driving and cycling. As the second most popular rock-climbing destination in 
Victoria, the Grampians has been under pressure in recent times. The impact 
mainly relates to walking tracks to and near popular sites. The base of many 
cliffs is impacted and subject to erosion.  
Other management issues: The management of the Grampians National Park is 
complicated by the continuation of several uses not normally permitted in a 
national park such as apiculture, a number of buildings within the Park and 
military training. In addition there are some illegal activities within the Park such 
as rubbish dumping, bringing domestic pets into the Park, poaching of game, 
collection of birds, eggs and reptiles, harvesting wildflowers, off-road driving and 
riding, and low-level flying and hang gliding.  
Port Campbell National Park (Parks Victoria, 2002b) 
Vegetation management: Managing the native vegetation in Port Campbell 
National Park involves conserving native vegetation and habitat values, 
protecting significant plant communities and species, controlling introduced 
plants and fire management. Some pest plant species occur in the Park. 
Activities such as road and track construction works and horse riding can 
contribute to the introduction and spread of pest plant species into and within 
the Park. Tools available for vegetation management in the Park include 
prescribed burning and using herbicides to control introduced species as well as 
attempting to re-establish native plant cover. 
Animal management: Clearing of vegetation, visitor impact and pest animals 
and domestic pets are the most important animal management issues in the 
Park. Removal of vegetation destroys the habitat on which animals depend. In 
addition, there are three sites of particular significance to small mammals in the 
Park. Disturbance by visitors is a problem for some bird species in Port 
Campbell National Park. In addition, fragile habitats such as streams and 
estuaries can be disturbed through trampling by visitors. A significant number of 
tourists on the Great Ocean Road travel with their pets. Feral cats, and cats 
from farms and the local townships are a potential threat to the small mammal, 
bird and reptile population in the Park. Rabbits are widespread and relatively 
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common. Rabbits increase rapidly in good seasons. Pest rabbits’ grazing and 
burrowing has severely damaged coastal vegetation and soil, and destroyed 
small mammal habitats. Rabbit control programs are run in cooperation with 
adjacent landowners. 
Fire management: Fire management issues involve protection of the Park and 
surrounding area from damage by fire, and use of fire to maintain vegetation 
types and habitat for particular fauna species. 
Visual resources management: Landscape and visual aspects of the Park are 
the most important features for visitors. Most of the works disturbing the natural 
environment are obvious to visitors. Any new facilities and roads must be 
designed to minimise negative visual impacts. 
Soil and geology management: Natural weathering processes from rainwater as 
well as the relentless wave action on the cliff face are progressively weakening 
the soft limestone cliffs. Run-off from sealed surfaces increases the rate of soil 
erosion. At many sites, some visitors do not keep to the walking tracks 
provided, causing trampling, loss of vegetation and soil compaction. Tracks on 
clay soils are generally unsuitable for wet weather use. A few visitors drive on 
the wet tracks, deeply rutting the surface. At some sites soil has been damaged 
by vehicles driven off the track.  
Historical and cultural heritage management: Known Indigenous culture sites in 
the Park include shell middens and the steps cut into the soft limestone cliffs. 
Park management aims to avoid disturbing sites with evidence of Indigenous 
occupation. 
Visitor use issues: Visitor activities in the Park include scenic viewing, 
picnicking, walking, camping, fishing, swimming, surfing and beach activities, 
diving, boating, horse riding and low flying by aircraft. Erosion problems can be 
potential management issues in the peak visitation season from scenic viewing, 
picnicking, walking and horse riding. Only 6 hectares of the Park’s areas have 
been recognised as suitable for intensive recreational activities. The Park has 
1.9 million visits annually and this number is increasing. Most visitations are in 
the summer, and most outlooks and car parks are overcrowded in this season.  
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Other management issues: There are some unauthorised activities within the 
Park including dumping of rubbish and the presence of domestic pets, 
particularly dogs. Because Port Campbell National Park includes parts of the 
township, local planning authorities and the Park’s managers need to cooperate 
to preserve the landscape of the Park and surrounding areas. There has been 
increased pressure for fire protection works to protect residential development 
and certain recreational facilities on public land.  
Wilsons Promontory National Park (Parks Victoria, 2002) 
Vegetation management: Over-grazing by non-native herbivores, weed 
invasion, pathogens as well as fire or fire absence and inappropriate fire 
regimes are vegetation management issues in the Park. Grazing pressure from 
rabbits, kangaroos, and wombats has had an impact on the condition of grassy 
woodlands. Weed infestations are mainly in areas disturbed by past grazing or 
soil disturbance associated with road and track construction. Intensive summer 
camping is another vegetation management issue that has affected the quality 
of vegetation area. Cinnamon Fungus has been recorded at a number of sites 
within the Park. The disease spreads naturally downhill with the movement of 
water and soil accelerated by transportation of infected soil and gravel in track 
construction and inadvertently by bush walkers and animals. The management 
aims to reduce the spread of the pathogen by human activities. 
Animal management: Artificial feeding of native wildlife, motor vehicles 
transiting through the Park, and overfishing are animal management issues of 
the Park. Offshore islands protect important habitat, including breeding sites for 
a number of seabird species and fur seals. Therefore, public access to most 
islands is prohibited. Currently, the distribution and number of rabbits are 
highest along the Park boundary with freehold land. There is considerable 
movement of animals across the Park boundary with adjacent freehold land.  
Fire management: Fire management issues involve burning for ecological 
purposes as well as fire management activities for fuel control and wildfire 
control. Visitors travelling to and from the campground could be at risk from 
wildfire. 
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Soil and geology management: Significant soil erosion and soil compaction 
have occurred within the areas of the Park. The most vulnerable areas tend to 
be along roads and tracks, walking tracks, camping areas, coastal dunes and 
abandoned quarries.  
Historical and cultural heritage management: Degradation by erosion and 
pillaging of artefacts are major management issues for Aboriginal sites. 
Recorded shell midden sites must be protected from development and visitors’ 
impact and managed in consultation with the Aboriginal community and the 
traditional owners. Historic and cultural places such as the foundations of a post 
office, pilot station and hotel, the site of former tin and gold mining operations 
and various hut sites illustrate the history of past land use in the Park and will 
be conserved.  
Water resources: It is vital that the water quality of water resources is 
maintained in the Park both for the settlement and for ecological aspects. 
Visitor use issues: Visitor activities in the Park include camping for day visitors 
and overnight visitors, bushwalking, boating, fishing, rock climbing and 
abseiling. During peak periods, management issues relate to traffic circulation 
and congestion, car and bus parking at beaches and day walks, pedestrian 
safety and access for visitors with disability. Generally, during the peak periods, 
the concentration of visitor activities results in high use of existing facilities.  
Other management issues: Upgrading of water supplies, sewage and waste 
disposal are other management issues in the Park.  
5.5  Similarities and disparities between the management 
plans 
From the six case studies a number of features distinguish Iranian protected areas 
management plans from Australian protected areas management plans. Both Iranian 
and Australian management plans have some information and data on the subject of 
the location of the Parks, historical information, legislation, boundaries and adjacent 
areas uses, biotic and abiotic characteristics of the environment, cultural value, 
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zoning and protection plans, visitation and tourism management, educational issues, 
research involved, authorised uses and any relation with other organisations and 
communities. However as shown in tables 5.11 and 5.12 the detail in the data used 
in the management plans of the case studies is different.  
Details of method and methodology of planning approaches are documented in 
Iranian management plans. For example, forty pages of tables are documented in 
Golestan National Park management plan to show the result of the planning 
approach. These tables are used in producing zoning plans. Details of management 
and development plans for the next short-term plan (five years) are documented. For 
Golestan National Park, for example, buying a truck is suggested and its cost is 
considered in the plan. Similarly, the management plan of Khojeir National Park and 
Sorkhe-hesar National Park contains details of development and design plans. For 
example, there are a number of detailed plans for a picnic bench.  
In Iranian management plans, substantial details of biotic, abiotic and infrastructure 
information and data are documented. For example, details of all soil types including 
maps of soil types as well as names of all springs, their location, water value and the 
quality of spring water are documented. For most factors, maps are included (for 
example, for mammals, birds, flora, geology).  
However, not all data and information are used in the process of planning. For 
example, in the management plan of Golestan National Park, there is a table 
containing details of water value of Tange-rah water station in monthly/annual mean 
and maximum/minimum for the period between 1966 and 1991 (Makhdoum et al., 
1999, p. 31), but these details are not used in analysis or discussion. These useful 
details perhaps can be used in other park plans such as catchment management 
plan or river ecological management plan. 
Compared with the Iranian case studies, management plans of the Australian case 
studies do not contain as much detail (tables 5.16 & 5.17). There is nothing about the 
methodology of gathering data in the Australian case studies management plans. 
There is no separate section explaining planning approaches with detailed results. 
However, significant environmental characteristics of the study areas are 
documented. General data and information about biotic and abiotic characteristics of 
the areas are documented. In each Australian case study there is more detail about 
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fauna and flora compared with other characteristics. Maps, such as animal and plant 
types or distribution, are not included. For most environmental characteristics, 
however, management aims and strategies are well documented. In each 
management plan, tourism has a big section with some detail about necessary 
development (for example, need for toilet and car parks (Parks Victoria, 1998, p.35)). 
Approximately 39% of the total pages of the Australian case studies management 
plans are about tourism management, while this covers about 8% in Iranian 
management plans (table 5.17).  
According to IUCN guidelines, for a national park, tourism and recreation, equal to 
preservation of species and genetic diversity are primary objectives (Eagles et al., 
2002; IUCN, 1994) (section 2.10 covered this in more detail). It seems Iranian 
management plans have more emphasis on protection of parks whit less emphasis 
on recreation. Compared with Iranian management plans, Australian management 
plans show more consideration of tourism management. Consideration of tourism 
management in Australia is, of course, with consideration of the balance between 
enhancing the visitor experience and protection of the natural and cultural assets of 
the areas (Parks Victoria, 1998, p.27).  
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Table  5.17 Weighting the management plans of the case studies according to detail in 
data documented. Key: 1: Less detail; 2: Medium detail; 3: More detail 
Data and Documentation Iranian Case Studies Australian Case Studies 
Introduction  Park management aims 2 3 
 Creation of the Park 2 2 
 Location 2 2 
 Legislation  2 2 
 Regional context 1 2 
Background 
 Significance of the park  1 2 
 Park vision 1 2 
Strategic direction 
 Management directions 1 2 
 Fauna 3 2 
 Flora 3 2 Biotic data 
 Biotic significance 3 1 
 Climate 3 1 
 Water resources 3 1 
 Geology 3 1 
 Soil 3 1 
 Erosion  3 1 
 Landform  3 1 
Abiotic data 
 Landscape/ Visual values 1 1 
 Tourism 2 3 
 Infrastructure 3 2 
 Cultural values 2 3 
Cultural data 
 Neighbouring village, city 
and tourism centres  3 1 
 Friends, Volunteers and    
community awareness 1 3 
 Authorised uses 2 2 
 Unauthorised uses 2 2 
 Boundaries  2 2 
Other factors 
 Adjacent uses 2 2 
 Methods/Methodology 3 - 
 Aims 2 3 
 Management strategies 3 3 
Planning 
 Implementation plan  3 1 
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5.6  Similarities and disparities between the environmental 
characteristics  
There are some similarities and disparities between the environmental characteristics 
of the case studies (table 5.18).  
Table  5.18 Environmental characteristics of the case studies 
Protected Areas 
Iranian Case Studies Australian Case Studies 
Environmental Characteristics 
Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National 
Park 
Latitude 37°24’N 35°40’N 35°40’N 37°15'S 38°27’S 38°58’S 
Location 
Longitude 55°58’E 51°44’E 51°34’E 142°25'E 143°29’E 146°21’E 
Minimum/monthly -6 -6 -6 4 6 8 
Maximum/monthly 35 35 35 30 24 21 
Range 41 41 41 26 18 13 
Average/annual 7.2-22 7.7-19.3 7.7-19.3 8.0-19.7 9.9-18.7 11.1-16.2 Te
m
pe
ra
tu
re
 
(ce
n
tig
ra
de
) 
Range of 
average/annual 15 11 11 12 9 5 
Minimum/monthly 1 2 2 22 33 46 
Maximum/monthly 66 61 61 119 88 125 
Range 65 59 59 97 55 79 
Average/annual 150-1000 280-450 275-450 635-1000 532-1354 808-1083 
Ra
in
fa
ll 
(m
illi
m
et
re
s) 
Range of 
average/annual 850 170 170 365 822 275 
Relative humidity (%) 
Range of 
average/ 
annual 
25-68 25-68 35-88 70-80 70-80 
Snow or freezing (day/year) 17% of rain is snow 
97 days 
freezing 
97 days 
freezing Occasionally Rarely Rarely 
Climate 
Wind (km/h) > 22 West > 21 Wes t > 21 West > 30 West > 30 West > 26 West 
Variety 1302 740 740 975 237 741 Vegetation 
(species) Endangered 35 22 12 20 14 100 
Variety 246 135 150 317 194 ~ 335 
Animal (species) 
Endangered 13 7 8 50 12 40 
The Iranian case studies are located in the northern hemisphere between 35°40’ and 
37°24’ and, the Australian case studies are located in the southern hemisphere 
between -37°15’ and -38°58’. They have nearly the same distance from the equator, 
however, they are different in many environmental aspects. All of the Iranian case 
studies are mountainous areas, while among the Australian case studies only the 
Grampians National Park is a mountainous area, with the highest elevation at 1168 
metres (the highest elevation for Golestan National Park is 2411 metres). The range 
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of temperature variation is higher in mountainous case studies. For example, annual 
average mean daily maximum and minimum temperature range between 7.2° and 
22° centigrade in Golestan National Park, 8.0° and 19.7° centigrade in the 
Grampians National Park, while in Wilsons Promontory National Park these range 
between 11.1° and 16.2° centigrade. The Australian case studies have more average 
yearly rainfall. Minimum average annual precipitation is 700 millimetres in the 
Grampians Nation Park, while Golestan National Park has a minimum of 150 
millimetres. Port Campbell National Park and Wilsons Promontory National Park are 
windier compared with other case studies, and they have long ocean coastline.  
In Khojeir National Park and Sorkhe-hesar National Park minimum temperature fall to 
minus 7.7° centigrade in winter. Generally, freezing time is more than three months in 
the Iranian case studies, and the duration of snow cover is more than in the 
Australian case studies. Iranian flora are mostly deciduous, while Australian flora are 
mostly evergreen. Therefore, the landscape of the Iranian case studies may vary 
during a year more than in the Australian case studies (figure 5.15). 
         Spring                                                                         Summer       
 
 
 
           
           
          
          
 
         Autumn                                                                       Winter 
 
 
 
 
 
 
 
 
 
 
Figure 5.15 Seasonal differences in the landscape of Golestan National Park 
 (Photos: Spring, Summer & Autumn ISNA, 2006; Winter: Madjnoonian et al., 1999)  
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However, blossom changes the landscape of the Grampians National Park, 
particularly in the Spring (figure 5.16).  
                      
                      
Figure 5.16 Blossoms in the Grampians National Park, 2004  
Although the area of the Grampians National Park is about 1.8 times larger than 
Golestan National Park, geographic characteristics of Golestan National Park have 
resulted in more variation in flora. Golestan National Park has more than 1300 plant 
species while the Grampians National Park has 975 plant species.  
However, the Australian case studies have more varieties of fauna. Wilsons 
Promontory National Park, for example, with 335 different species has the most 
fauna variety among the Australian case studies, while Golestan National Park with 
246 different species has the most fauna variety among the Iranian case studies.  
Although all case studies are assigned the World Conservation Union (IUCN) 
Category II (National Parks) of the United Nations’ list of National Parks and 
Protected Areas, they have different levels of importance due to their individual 
environmental characteristics. Golestan National Park and Wilsons Promontory 
National Park are internationally important (Makhdoum et al., 1999 & Parks Victoria, 
2002). Khojeir National Park, Sorkhe-hesar National Park, Port Campbell National 
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Park and the Grampians National Park have national and local importance 
(Makhdoum et al., 1987, Parks Victoria, 1998; Parks Victoria, 2003) (table 5.19).  
Table  5.19 Importance and legislation of the case studies (Makhdoum et al., 1987; 
Makhdoum et al., 1999; Parks Victoria, 1998; Parks Victoria, 2002; Parks Victoria, 2003)  
Protected Areas 
Protected Areas of Iran Protected Areas of Australia 
 
Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
 National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National Park 
Public % 99 % 95 % 95 % 100 ~ % 100 % 100 Ownership 
Private % 1 % 5 % 5 % 0 ~ % 0 % 0 
Legislation National National National State State State 
IUCN Category 2 2 2 2 2 2 
International  3 2 2 2 2 3 
National 3 2 2 2 3 3 Importance* 
Local 3 3 3 3 3 3 
Area (hectares) 91258 9904 8969 166876 1963 48135 
*Key: Different levels of importance: 1: Minimum, 2: Moderate, 3: Maximum 
However, Port Campbell National Park is an Australian icon. Although Port Campbell 
National Park is the smallest case study, it has probably the most visitors among the 
selected case studies (there is no documentation in the management plans of the 
Iranian case studies about the number of annual visits within the Parks).  
Golestan National Park has the most visitors among the Iranian case studies. 
However, most of these visits could be because of the highway inside the Park. In 
other words, not all visitors are passing through just to visit the Park. People have to 
pass through the highway if they want to travel between the north and east of Iran. 
Port Campbell National Park also has the same issue, as it is located on the Great 
Ocean Road. Not all visitors to the Park come just for the Park; they may just be 
driving through the area or live nearby (Parks Victoria, 2002b). The number of visits 
recorded for the other case studies, however, are more likely to show the real 
number of the Parks visitors.  
Visitors’ accessibility is different in the different case studies. Regardless of the 
differences between the areas of the case studies, the number of entrance points is 
higher in terrestrial park areas. While there is a possibility for nearly all tourists to 
come to a terrestrial park from all surrounding areas, there is a natural limitation to 
access to a coastal or a peninsula reserve. The Grampians National Park has more 
than 10 times more entrance points than Port Campbell National Park does. 
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Area of the Grampians National Park is 85 times larger than Port Campbell National 
Park. This number is 47 for Golestan National Park, 25 for Wilsons Promontory, and 
it is five for Khojeir National Park and Sorkhe-hesar National Parks.   
Considering the 65 million Iranian population and 11,791,788 hectares total of Iranian 
protected areas, there are 0.181 hectares of protected areas for each Iranian. While, 
considering the 5 million Victorian population and 3,427,880 hectares total areas of 
Victorian protected areas, there are 0.686 hectares of protected areas for each 
Victorian. Therefore, regardless of other recreational centres Victoria has 3.8 times 
more land of protected areas for each Victorian. On the other hand, only 7.3% of 
Iranian land area is managed as protected areas, while 14.8% of Victorian land area 
is managed as terrestrial protected areas. Globally, about 10 percent of total land 
surface of the planet is covered by protected areas (Eagles et al., 2002). These 
statistics show more user pressure on Iranian protected areas. Unauthorised uses 
(such as unauthorised grazing, unauthorised grass harvesting or unauthorised 
animal hunting) are one of the most important issues in the Iranian case studies. For 
example, people come from 80 different surrounding villages to Golestan National 
Park for unauthorised animal hunting. They hunt animals for their vital food or they 
may sell it for money (Mirkarimi, 1999).  
Australian case study parks seem to have less conflict with their adjacent areas. 
There is no documentation regarding unauthorised grazing, unauthorised grass 
harvesting or unauthorised animal hunting. In contrast, there is an increasing trend in 
cooperation with landholders adjacent to the Parks for the protection of both private 
property and park areas. However, in Wilsons Promontory National Park and the 
Grampians National Park, for example, there is potential for conflict between 
maintenance of park values and surrounding land uses, because private land 
adjoining the Park is mostly cleared for grazing or agricultural production.  
More user pressure and conflicts in the Iranian case studies could be due to the 
development level of Iran. Iran is categorised as a developing country. By 2005, only 
3 out of 152 Iranian protected areas (managed by the Department of Environment of 
Iran) had an official comprehensive management plan (Madjnoonian, 2000). 
However, even these three management plans are not completely implemented. In 
other protected areas than these three Iranian case studies, ecological knowledge 
and wildlife management principles are used in protecting, conserving, and in the 
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management processes of these protected areas, but there is no official 
management plan for them.  
Iran is a developing country so therefore landscapes in Iran may change more 
compared with Australia because of more development processes. Australian 
protected areas are already developed for tourism activities. While in Iran protected 
areas have conflicts with their neighbouring areas, Australia is increasing the 
cooperation with landholders adjacent to the Parks in the protection of park areas. 
Therefore, planning for protected areas in Iran must be concerned about the 
surrounding areas, and their possible temporal impacts and relation with the Parks 
management.  
5.7  Similarities and disparities between the spatial and 
temporal aspects 
There are some spatial and temporal similarities and disparities between the case 
studies both in environmental characteristics and in management issues. These 
similarities and disparities are about a number of spatial or temporal aspects of the 
case studies, including size, location, physical features, climatic condition, geology 
and soil, water sources, vegetation, animals, historical and cultural aspects, visitors, 
fire, neighbourhood areas, roads and other activities and events in relation to the 
park. The maps and shapes will be presented in more detail in the next chapter 
where spatial and temporal metrics will be discussed.   
The environmental characteristics and management issues of the case studies can 
be studied from both spatial and temporal view points. There is no separate 
documentation on spatial and temporal aspects of the case studies in the 
management plans.  
A summary of the environmental characteristics and management issues of each 
case study from spatial and temporal perspectives can lead to a list of important 
spatial and temporal aspects of environmental characteristics and management 
issues in the case studies. This can support the list of data requirements for 
landscape ecological planning which is documented in chapter four. In addition, the 
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list can be a step forward to determine what other spatial and temporal data need to 
be produced for landscape ecological planning for the case studies.  
Spatial and temporal aspects of environmental characteristics and management 
issues of the case studies can be summarised as follows: 
• Spatial aspects: size of the park, shape of the park, park’s 
neighbourhood land uses, area and location of park’s vulnerable soil and 
geological areas, areas and location of park’s cultural and environmental 
significance, areas and location of water resources, areas and location of 
park’s vegetation cover, location of park’s animals habitats, animal 
movement patterns, location of park’s possibility area for fire and flood, 
possible location for unauthorized activities such as military training, 
apiculture, agriculture, husbandry as well as timber, wood, fruit and flower 
harvesting, hunting and off-road parking and driving.  
• Temporal aspects: climatic variability, seasonal vegetation cover 
changes, seasonal animal movement, seasonal peak visitation, visitation 
patterns, seasonal road over crowding, seasonal erosion, seasonal fire, 
seasonal flood, patterns of temporal neighbourhood activities, patterns of 
other temporal activities such as military training, apiculture, agriculture, 
husbandry, hunting, vandalism, rubbish dumping, as well as timber, wood, 
fruit and flower harvesting, and off-road parking and driving. 
In chapter four, spatial and temporal aspects of protected areas were categorised 
into six major groups including ‘size’, ‘shape’, ‘neighbourhood land uses’, ‘climate 
variability’, ‘visitation patterns’ and ‘other temporal events’. However, considering the 
fact that some spatial factors may cause temporal changes and vice versa, some 
factors may be considered as both temporal and spatial.   
Table 5.20 compares the important temporal and/or spatial aspects of the areas from 
a parks management view. The table shows that Golestan National Park has the 
highest number of management issues.  
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Table  5.20 Important spatial and temporal issues of the case studies  
 
Protected Areas 
Iranian Case 
Studies 
Australian Case 
Studies 
Data Groups Parks Issues 
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ca
se
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Size  Size  
    
 
 1 
Shape Shape  
  
   4 
Sp
at
ia
l 
as
pe
ct
s 
Neighbourhood land 
uses 
Park’s neighbourhood land uses       4 
Topographic variety      
  4 
Temperature variability     
  4 
Relative humidity  
     1 
Surrounding water sources 
   
   3 
Distance from the ocean     
  4 
Ocean current  
    
  2 
Climate variability  
Wind current 
    
  2 
Duration of peak visit, number of visitors  
   
 
 2 Visitation patterns 
Road overcrowding duration  
   
 
 2 
Vegetation cover changes, blossom    
  
 
 
 3 
Animal movement  
     1 
Roads and entrance points locations  
   
 
 2 
Flood  
     1 
Wildfire  
  
   4 
Fire suppression 
   
   3 
Patterns of temporal neighbourhood 
activities 
    
  4 
Patterns of unauthorised activities e.g. 
hunting 
   
   3 
Te
m
po
ra
l a
sp
ec
ts
 
Other temporal events 
 
Patterns of temporal pressure and effects on 
landscape elements e.g. soil compaction 
 
  
   4 
Number of issues for each case study 16 6 6 11 11 8 58 
5.8  Need for new spatial and temporal metrics for the case 
studies 
According to spatial and temporal data requirement that are documented in chapter 
four, some spatial and temporal metrics are not considered in the management plans 
of the case studies. There is nothing about the effect of shape in the management 
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plans. There is nothing about the location of maximum topographic variety. In 
addition, there is also nothing about the distance from the sea, and water sources 
area. There is some information about size, climate characteristics, surrounding 
areas and visitation patterns in the management plans of the case studies. However, 
to support spatial and temporal data on the case studies, certain metrics will be 
calculated in the next chapter. New metrics can be calculated to support spatial and 
temporal data. New metrics were calculated using some existing data and 
information such as shape, size, physical features (altitude, aspect and slope), 
distance from the ocean, roads and accessibility as well as proximity to settlement 
areas and neighbourhood land uses.  
Table  5.21 Data available and required for this research 
Existing Data New Metrics Required 
Data Groups Name Type Name Type 
Area  Numeric & map  Area compaction  Numeric Size and 
Shape Shape Descriptive Perimeters Numeric 
Area number  Numeric 
Mean area size Numeric 
Contagion Numeric 
Landscape richness Numeric 
Mean nearest neighbourhood Numeric 
Edge contrast Numeric 
Mean proximity index Numeric & map   
Spatial 
aspects Neighbourhood 
land uses 
Neighbourhood 
land uses 
Descriptive & 
map 
Road length  Numeric & map  
Altitude Numeric   Surrounding water sources Numeric & map 
Ocean current  Descriptive  Distance from the ocean Numeric & map 
Altitude  Numeric 
Wind current  
Descriptive & 
numeric 
 
Aspect  Numeric 
Latitude Numeric Slope Numeric 
Temperature Numeric Mountain volume  Numeric 
Climate 
variability  
Relative humidity Numeric Topographic variety   Numeric & map 
Number of Visitors Descriptive & 
numeric Visitation 
patterns 
Peak visit duration Descriptive & 
numeric 
Visitation patterns Numeric & map 
Disturbance events Descriptive 
Blossom   Descriptive 
Temporal 
aspects 
Other temporal 
events 
Animal movement Descriptive 
Other temporal events Numeric & map 
Available data for the case studies can be classified in descriptive and non-
descriptive information including maps and numeric data. Considering data 
requirements for landscape ecological planning documented in sections 4.5.4, 4.6.4 
and available data, table 5.21 shows a list of new metrics required. Detail in 
determining new spatial/temporal metrics will be documented in the next chapter.   
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5.9  Conclusion  
In this chapter, the location of the case studies, and the general environmental 
characteristics and data used in their management plans, were documented. A 
summary of important environmental factors and management issues of the case 
studies were prepared. In addition, spatial and temporal aspects of the case studies 
were compared. Finally, a list of the important spatial and temporal aspects of all the 
parks was documented. 
Preparing more quantitative data about spatial and temporal factors could be used to 
obtain a more numeric and easier comparison study on the case studies. In the next 
chapter, certain metrics will be calculated in this regard. In other words, the next 
chapter will continue with the method of preparing more quantitative data about 
spatial and temporal aspects of the case studies. Certain metrics will be calculated 
about shape, physical features (altitude, aspect and slope), distance from the ocean, 
roads and neighbourhood land uses. Then the chapter will continue with spatial and 
temporal data analysis. 
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CHAPTER 6   
IMPLEMENTATION OF THE FRAMEWORK 
6.1  Introduction 
In chapter five, the location of the case studies, and the general environmental 
characteristics and data used in their management plans, were documented. In 
addition, in chapter five, important spatial and temporal aspects of the case studies 
that are considered in their management plans were documented. In addition, a list of 
new data requirements for landscape ecological planning was documented in chapter 
five. Chapter six will continue with the method used to identify certain spatial and 
temporal metrics to develop data and information about ‘shape’, ‘neighbourhood land 
uses’ and ‘climatic variability’ for the case studies. Then it will continue with spatial 
and temporal metrics analysis. Finally, considering spatial and temporal data 
requirement as well as methodology of data calculation, a possible landscape 
ecological planning framework using spatial and temporal metrics will be developed. 
Therefore, objectives in this chapter are:  
- developing a method for creating spatial and temporal metrics,  
- introducing sources of spatial and temporal data, 
- building the spatial/temporal database and maps for each case study, 
- determining spatial metrics for each case study,  
- determining temporal metrics for each case study, 
- determining spatial and temporal issues, and 
- developing a framework for landscape ecological planning using spatial 
and temporal metrics.  
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6.2  Developing a method for creating spatial and temporal 
metrics 
Using GIS software, certain metrics for spatial aspects of case studies were 
calculated according to a ‘border map’ of each case study. In addition, using existing 
data and information, metrics were calculated to develop data and information about 
‘climatic variability’, ‘shape’ and ‘neighbourhood land uses’.    
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1 General process of creating spatial and temporal metrics1   
Detailed processes of calculating spatial and temporal characteristics of Iranian data 
were different from Australian case studies because of the difference between the 
sources of most data. Most available Iranian data are analogue or hard copy maps 
while Australian data are mostly digital data. Uniform data are required for a 
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comparative study. Therefore, the main aim in this section is to make existing data 
uniform and to produce uniform data both in accuracy and in attributes.   
The first step was preparing a ‘border map’ for each protected area. A number of 
metrics were calculated using ‘border map’ of each case study in GIS, such as, ‘area’ 
and ‘area compaction’. Then using ‘border map’, an ‘influence zone map’ to consider 
neighbouring and surrounding areas was created for each case study. In the next 
step, ‘contextual characteristics’ of each case study such as road length and number 
of major cities was considered in their influence zone areas. Finally, spatial and 
temporal characteristics of the case studies were analysed considering the new 
calculated metrics and the existing data. A general process of creating spatial and 
temporal metrics was summarised in figure 6.1. Detailed processes for each step will 
be documented through the chapter.  
6.3  Sources of spatial and temporal data 
Reports, Internet sites, books and journal papers were used to collect spatial and 
temporal data for the case studies. While temporal characteristics of areas were 
mainly collected from references, spatial data was mainly produced using GIS 
methods.  
In chapter five references such as Makhdoum et al., 1987; IUCN, 1992; Kiabi et al., 
1993; Madjnoonian et al., 1999; Mirkarimi, 1999; Makhdoum, et al., 1999; Statistic 
Centre of Iran, 2005; Department of the Environment of Iran (DOE, 2005) were used 
as data sources for the Iranian case studies. In addition to the above-mentioned 
references Vector Map Level One (Mapability.com, 2005), the World Database on 
Protected Areas Consortium (2005) and National Geoscience Database of Iran 
(NGDIR, 2004) were used to produce spatial and temporal data for the Iranian case 
studies.  
For the Australian research areas, the World Database on Protected Areas 
Consortium (2005) and data prepared by the Department of Sustainability and 
Environment, Victoria (2003) were used in addition to the case studies’ management 
plan and Parks Victoria Web Site (http://www.parkweb.vic.gov.au/1park_display.cfm). 
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6.3.1 Vector Map Level One 
Vector Map Level One (VMLO) is an updated and improved version of the US 
National Imagery and Mapping Agency's (NIMA) Digital Chart of the World 
(DCW®). It is free of charge and available on the Internet (MapAbility.com, 
2005). Vector Map Level One product resolution is based on 1:250,000 map 
scale source. VMLO contains all the standard topographic vector data types 
familiar to GIS users. Data content includes thematic layers such as boundaries 
and coastlines, elevation and contour lines, road and rail networks, 
hydrography, utility networks, industry, vegetation cover and population. These 
themes are arranged in over one hundred vector layers of information with 
mass numbers of features, attributes and geographic names appropriate to their 
respective scales. VMLO products are organized into thematic layers. Each 
vector map thematic layer is stored as a single coverage. The horizontal datum 
for these maps is WGS84 and the vertical datum for these maps is mean sea 
level. The unit of measure for maps is metric. Data is collected from a 1:250,000 
source. The geographic extent of the maps is global and consists of multiple 
regional databases. For this research project, this source was used to prepare 
maps including contour, rail-roads, rivers and water resources for the Iranian 
case studies. 
6.3.2 World Database on Protected Areas 
The World Database on Protected Areas (2005) includes GIS and attribute data 
for protected areas of IUCN categories I through to VI, other protected areas 
and areas defined under international agreements. The database was published 
by the United Nations Environment Program (UNEP) and The World 
Conservation Union (IUCN) (UNEP & IUCN, 2005). These data are also 
presented as a series of tables in Microsoft Excel format organized by regions. 
The WDPA is the core database representing protected areas on a global scale 
including - where available - GIS-compatible point and boundary files. Data 
content includes thematic layers such as country boundaries, national IUCN 
protected areas boundaries, main cities, populated places, national IUCN 
protected areas, other national areas, international sites, regional sites, 
elevation and rivers, roads and land area. In this research project, this source 
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was used to prepare maps including major cities, populated places and 
protected areas for the Iranian and the Australian case studies. Data was 
collected from a 1:1,000,000 source. This in fact, is the only available digital 
source for major cities, populated places and protected areas for the Iranian 
case studies. Therefore, the source was used for the Australian case studies to 
have the data at the same scale and accuracy.  
6.3.3 Corporate Geospatial Data Library Layer 
Corporate Geospatial Data Library Layer (CGDL) contains data prepared by the 
Department of Sustainability and Environment, Victoria (2003). This folder is 
available via RMIT University, School of Mathematical and Geospatial 
Sciences, computer networks drive. CGDL contains source data folders in 
different scales, file types and attributes. From them, for this research project, 
L250 or the Land Systems of Victoria at 1:250,000, was used to prepare maps 
including rail and roads, rivers and water resources for the Australian case 
studies. L100 or the Land Systems of Victoria at 1:100,000 was used to prepare 
maps including borders of the case studies, contour and land uses for the 
Australian case studies. According to the Meta data of CGDL, the original data 
set of L250 and L100 were supported by an unpublished report “Land Systems 
of Victoria”, prepared by Jim Rowan for the Land Conservation Council and the 
Land Protection Branch of the Department of Conservation and Natural 
Resources (CGDL MetaData L, 2003). The revised dataset was supported by a 
revised unpublished Departmental publication, “Land Systems of Victoria” by 
Rowan, Russell and Ransome in 1994. The further revised edition of L250 was 
edited by David Rees, titled “Land Systems of Victoria” and published by the 
Centre for Land Protection Research in 2000. Edition 2003 of CGDL is available 
via RMIT computer networks drives in a folder named DSE_CGDL. 
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6.4  Building the spatial and temporal databases  
6.4.1 Database design  
The original data are in both analogue and/or digital formats. The products of 
this research project are presented in both data tables and digital maps. Metrics 
measurement was done using digital data in GIS. To be able to produce data 
and maps in GIS, particular data were converted to digital format.  
In addition to the existing data, a number of new metrics were calculated for this 
research project. Table 5.21 in chapter five documented a list of existing data 
and a list of new metric data that were calculated in this research. Table 6.1 
shows data required, their attributes and their spatial objects for each new 
metric.  
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6.4.2 Data entry  
Different methods were used to enter data to GIS. To create ‘border maps’ for 
the Iranian case studies, analogue files were scanned and converted to shape 
files (details in section 6.5.1). Data from Vector Map Level One (VMLO) was 
digital and in shape files. Coverage data from WDPA and DSE_CGDL were 
converted to shape files. The original sources of data have different Geographic 
Coordinate Systems with different data units. Table 6.2 shows the Geographic 
Coordinate System for each reference. To enable comparisons to be studied 
expeditiously, all data were converted into just one unit on a common spatial 
reference. In the literature, areas of protected areas are stated in ‘hectares’ and 
distances in ‘kilometres’. For example, Parks Victoria (1998, p3) wrote “Port 
Campbell National Park (1750 ha)”, “Bay of Islands Coastal Park (950 ha)” or 
“The Parks extended some 17 km eastwards and 48 km westwards along the 
coast …”. Therefore, all data were converted to metres. The geographic 
coordinate systems of the Iranian case studies were converted to 
WGS_1984_UTM_Zone_39N and the Australian case studies were converted 
to Australian Transverse Mercator Geographic Coordinate System 
(GCS_Australian).  
Table  6.2 Geographical coordinate systems of input and output data 
Input Output  
Projected Coordinate System Unit Projected Coordinate System Unit 
VMLO 
GCS_WGS_1984 
Datum: D_WGS_1984 
Prime Meridian: 0 
Decimal 
degrees 
Projected coordinate system 
name: 
WGS_1984_UTM_Zone_39N 
Projection: Transverse_Mercator 
Geographic coordinate system 
name: GCS_WGS_1984 
Metres 
WDPA 
GCS_Assumed_Geographic_1 
Datum: D_North_American_1927 
Prime Meridian: 0 
Decimal 
degrees 
Projected coordinate system 
name: 
WGS_1984_UTM_Zone_39N 
Projection: Transverse_Mercator 
Geographic coordinate system 
name: GCS_WGS_1984 
Metres 
DSE_CGDL 
(L100) 
Australian_Transverse_Mercator 
Geographic coordinate system 
name: GCS_Australian 
Datum: D_Australian 
Prime Meridian: 0 
Metres 
Australian_Transverse_Mercator 
Geographic coordinate system 
name: GCS_Australian 
Metres 
DSE_CGDL 
(L250p) 
GCS_Clarke_1866 
Datum: D_Clarke_1866 
Prime Meridian: 0 
Decimal 
degrees 
Australian_Transverse_Mercator 
Geographic coordinate system 
name: GCS_Australian 
Metres 
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6.4.3 Data quality management 
Iranian data are different from Australian data because of the difference 
between the sources of most data. Most available Iranian data are analogue or 
hard copy maps while Australian data are mostly digital data. Uniform data are 
required for a comparative study in this research. Therefore, it is necessary to 
make existing data uniform and to produce uniform data both in accuracy and in 
attributes. As mentioned in data entry (section 6.4.2), ‘hectares’ and ‘kilometres’ 
are appropriate units in protected area planning. Data were calculated in metres 
in GIS, then generalised to hectares or kilometres to present in tables for the 
thesis. Metrics were calculated for the case studies based on original derived 
data but were generalised to present in this document.  
Maps were exported in Enhanced Metafile (EMF) format for the thesis. EMF is a 
spool file format suitable for printing by the Windows operating system. EMF 
can be resized without loss of quality (ArcGIS Desktop Help, 2006).  
6.5  Determining the spatial and temporal maps  
6.5.1 Study areas 
For the Iranian case studies, the process of determination of study areas was 
different. A rectified shape file of Golestan National Park was received from the 
Department of the Environment of Iran. Rectified shape files of Sorkhe-hesar 
National Park and Khojeir National Park borders were not available. Figure 6.2 
shows the process of creating rectified shape files for the border of Khojeir 
National Park and Sorkhe-hesar National Park from TIFF files. TIFF files were 
scanned from analogue files. For example, for Khojeir National Park, to make a 
TIFF file a hard copy of one of the maps (1:50,000) from their management plan 
was scanned. The TIFF file was rectified using a rectified topographic map of 
the parks areas received from National Geoscience Database of Iran (NGDIR) 
on 27 November 2004 (http://www.ngdir.ir/Faq/FaqDetail.asp?Pid=201).  
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Figure 6.2 The process of determining a shape file of Khojeir National Park and Sorkhe-
hesar National Park border (example: creating a rectified shape file of boundary of 
Khojeir National Park)     
For the Australian case studies, data from DSE_CGDL were used to create a 
shape file map of study area for each Australian case study. Data are created 
from “Public Land Management Polygons” files (Plmmt100ply) in ‘L100’. Using 
GIS tools, all Plmmt100ply from all Victorian digital map tiles were appended.  
 
 
 
 
 
 
Figure 6.3 The process of determining a shape file ‘border map’ for each Australian case 
study  
In DSE_CGDL, there are files called Plmmt100ply. These files contain data and 
information about public land management in Victoria. However, there is no 
single shape file showing the border of protected area(s) in DSE_CGDL. To 
extract the exact border of each case study from Plmmt100ply, data and 
information were gathered from Plmmt100ply(s), management plans of the 
Parks, and Parks Victoria website.  
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6.5.2 Influence zones 
To study the spatial and temporal characteristics of the protected areas in their 
neighbourhood context within the surrounding areas, ‘influence zones’ were 
generated for each case study using GIS. This thesis supports the idea of 
planning protected areas in relation to their contextual characteristics. 
Contextual elements such as cities, roads, water sources and other reserves 
have influence on the area under study. The influence of contextual 
characteristics on protected areas changes by their distance from the border of 
protected areas. Therefore, to determine spatial and temporal metrics, different 
influence zones were considered. The influence of each zone was then 
categorised in ten different ‘distance influence rates’ according to its ‘distance 
influence range’ (table 6.3).    
Table  6.3 Influence zone groups for studying elements of protected areas at the 
landscape scale 
Influence Zone 
Classes 
 
Applied for: 
Distance 
Influence Range 
(kilometres) 
Distance 
Influence Rate Level of Influence 
Influence zone A 
(up to 100 metres) Adjacent land uses > 0.1 1.0 - 
> 5 1.0 
5-10 0.9 
10-15 0.8 
15-20 0.7 
20-25 0.6 
25-30 0.5 
30-35 0.4 
35-40 0.3 
40-45 0.2 
Influence zone B 
(up to 50,000 
kilometres)  
All contextual 
characteristics 
45-50 0.1 
Maximum 
Influence 
 
 
 
 
 
Minimum 
Influence 
> 50 1.0 
50-100 0.9 
100-150 0.8 
150-200 0.7 
200-250 0.6 
250-300 0.5 
300-350 0.4 
350-400 0.3 
400-450 0.2 
Influence zone C 
(up to 500,000 
kilometres) 
Major cities only 
450-500 0.1 
Maximum 
Influence 
 
 
 
 
Minimum 
Influence 
The area of ‘different adjacent land uses’ was measured in adjacent areas with 
up to 100 metre distance from the border of the case studies (influence zone A). 
The area of ‘different adjacent land uses’ was used to calculate the ‘edge 
contrast metric’. The metric considers the effect of agricultural activities, roads, 
villages, water sources and other neighbourhood protected areas (more detail in 
section 6.6).  
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Up to fifty kilometres distance from the case studies was considered as an 
influence zone (influence zone B) to spatially determine the influence of 
landscape elements or ‘contextual characteristics’. In a study on Taputeranga 
Marine Reserve in New Zealand, 10 kilometres from the protected area border 
was considered as a neighbouring community (Cosslett et al., 2004, p. 16). 
Bennett (1999, p.60) considered 1 to 10 kilometres to be a buffer at landscape 
scale in habitat configuration studies. In wildlife conservation, an area with 5 to 
50 kilometre buffer distance is suggested for the size of landscape to be 
protected (Bennett & Radford, 2004). ‘Contextual characteristics’ were 
measured in the area of a protected area or ‘inside area’ and in influence zone 
B. ‘Contextual characteristics’ include ‘number of populated places’, area and 
number of ‘neighbourhood protected areas’, ‘rail and road length’ and ‘rivers 
and water sources’.  
Tourism is one of the most important issues in protected area management. 
From a tourism management view, influence zones can be categorised 
considering different distances from the protected area boundary based on 
travel time. With increasing distance from the area, influences of contextual 
elements decrease. Distance can also influence visitation patterns in 
accordance with travel time. According to Outdoor Recreation Resource Review 
Commission (1962), visitation time increases with an increase in travel time 
(Madjnoonian, 1995). In research on patterns of use for Port Campbell National 
Park, Arrowsmith and Chhetri (2003) indicate that international tourists will stay 
longer than average. According to Jubenville (1976, p77), the number of visits 
decreases with an increase in the cost of travel to a protected area. Most 
visitors to protected areas are from a day driving distance. About 66 percent of 
Port Campbell National Park visitors are from Victoria, 26% are from other 
Australian states and 8% are international tourists (Parks Victoria, 2002b). Over 
90 percent of visitors to the Grampians National Park in 2001-2002 were from 
the states of Victoria and South Australia (nearest neighbour state), with a high 
repeat visitation, particularly from Melbourne (Parks Victoria, 2003). All of the 
case studies are locally and/or nationally important, and therefore in this 
research study, up to five hundred kilometres distance from the case study 
areas were considered as an influence zone (influence zone C) for tourists from 
major cities. In this research, ‘major city’ means cities with more than a 100,000 
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population. Maps of ‘populated places’ include from large cities to places that 
might include only a few houses.    
6.5.3 Elevation maps 
The Iranian case studies: Vector Map Level One (section 6.3.1) was used to 
create ‘contour maps’ of the case studies. ‘Contour maps’ were used as a 
fundamental layer to create ‘landform maps’ (see section 6.5.4). ‘Contour Line’ 
in ‘Lib_087:elev’ is a large coverage file (91.4 Mega Bite) including a 100 metre 
contour line map for all of northern Iran. Smaller shape files called ‘contour map’ 
were created in ArcMap for each case study. Calculating metrics is faster for the 
computer using these smaller shape files. A new area map with 80,000 metre 
distance was created and used to clip ‘contour map’ to create smaller files 
(figure 6.4). However, the maps had to be large enough to prevent possible 
edge collapse in the process of creating altitude, aspect and slope from a 
Triangulated Irregular Network (TIN) file in the process of creating landform 
maps (detail in section 6.5.4).  
 
 
 
 
 
 
 
Figure 6.4 Process of creating ‘contour map’ for each Iranian case study 
The Australian case studies: DSE_CGDL was used to create ‘Contour Maps’ for 
the case studies. ‘Cont250’ in ‘l250p’ is a large coverage file (253 Mega Bite) 
including a 100 metre contour line map for all of Victoria. As for the Iranian case 
studies, shape file contour was clipped with an 80,000 metre area map to have 
Vector Map Level One 
v1087.tar.gz 
sasaus 
Contour Line  
Lib_087:elev  
Coverage 
to shape 
file 
Border Map 
‘Contour Map’ for each Iranian case study 
Clipping  
 
Area for clip 
 
Create 80000 
metres area 
map 
Shape 
file 
contour 
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 6 - Implementation of the framework 163 
a smaller file. ‘Contour maps’ were used as a fundamental layer to create 
‘landform maps’ (see section 6.5.4). 
 
 
 
 
 
 
 
Figure 6.5 Process of preparing ‘contour map’ for each Australian case study 
6.5.4 Landform maps 
Maps of landform were created using ‘contour maps’ (section 6.5.3).  
 
 
 
 
 
 
 
 
 
 
Figure 6.6 Process of creating maps of landform for each case study 
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Figure 6.6 shows the process of creating landform maps including altitude, 
aspect and slope for each case study. To be able to add data and further 
calculation on ‘contour map’ in ArcMap (the software used), TIN files were 
created from ‘contour map’. Altitude, aspect and slope for the case studies were 
created from TIN. As mentioned, ‘contour map’ for each case study was created 
with a larger size than the border area of the case to prevent possible edge 
errors in the process of creating landform maps. Therefore, altitude, aspect and 
slope maps were overlayed with ‘border map’ of each case study to have the 
landform maps with the area’s size. The maps were called ‘altitude-area’, 
‘aspect-area’ and ‘slope-area’. ‘Landform metrics’ were determined using 
‘altitude-area’, ‘aspect-area and ‘slope-area (more detail in section 6.7).  
6.5.5 Contextual maps 
As indicated in table 5.21, certain contextual data must be collected for the case 
studies. A number of ‘contextual maps’ were created to determine contextual 
data. ‘Contextual maps’ of the case studies include maps of areas of ‘different 
adjacent land uses’, ‘major cities’, number of ‘populated places’, area and 
number of ‘neighbourhood protected areas’, ‘rail and road length’ as well as 
maps of ‘rivers’ and ‘water sources’. Reliable data for other contextual elements 
such as industrial and agricultural activities for the Iranian case studies were not 
available, and therefore were not considered for this research project.  
 
 
 
 
 
 
 
Figure 6.7 Process of calculating number of ‘populated places’ and ‘major cities’ 
There are differences between the processes of creating different contextual 
maps for the case studies. Number of ‘major cities’ (in influence zone C) and 
number of ‘populated places’ (in influence zone B) were counted from WDPA 
Consortium (2005). Figure 6.7 shows the process to calculate the number of 
‘major cities’ and number of ‘populated places’. WDPA Consortium (2005) also 
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was used to calculate the area and number of ‘neighbourhood protected areas’ 
in ‘influence zones B’ for the Iranian case studies (same process as figure 6.7).  
 
 
 
Figure 6.8 Process of creating maps of number and area of ‘neighbourhood protected 
areas’ for each Australian case study 
For the Australian case studies, area and number of ‘neighbourhood protected 
areas’ (in influence zone B) were created using land use map (appended 
Plmmy100ply) that was created previously in this research (figure 6.3). Figure 
6.8 shows the process of creating maps of area and number of ‘neighbourhood 
protected areas’ in ‘influence zone B’ for the Australian case studies. Figure 6.9 
shows the process of creating maps of ‘rail and road length’, ‘rivers’ and ‘water 
sources’ both inside protected areas and in ‘influence zone B’ using GIS. The 
process was repeated for each case study separately.  
 
 
 
 
 
Figure 6.9 Process of creating maps of ‘rail & roads’, ‘rivers’ and ‘water sources’  
Figures 6.10 - 6.19 show contextual characteristics of the case studies in the 
influence zones. The figures show how the contextual characteristics of the 
case studies are spatially different. For example, figures 6.14 and 6.15 show 
how neighbourhood protected areas are distributed differently in the Iranian 
case studies from the Australian studies. More smaller protected areas can be 
seen in the surrounding areas of the Australian case studies compared with the 
Iranian case studies. This indicates more fragmented areas for the Australian 
case studies.  
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For a quantitative comparison, contextual data were determined and tabulated 
in table 6.4. 
Table  6.4 Contextual characteristics of the case studies 
Protected Areas 
Iranian Case Studies Australian Case Studies 
Contextual Characteristics  Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National Park 
Private owner/ 
residential area 
farmland/road 
60 18 13 91 44 4 
Other reserves/ 
undeveloped 
natural area 
40 82 87 9  56 96 
Length of 
common border 
with other land 
uses in 
percentage in 
influence zone A 
(kilometres) Total 100 100 100 100 100 100 
Inside area 0 0 0 0 0 0 
> 50 0 1 2 0 0 0 
50-100 2 2 0 0 0 0 
100-150 1 5 6 0 1 1 
150-200 1 2 3 1 1 1 
200-250 0 0 2 1 0 0 
250-300 4 4 5 0 0 0 
300-350 3 5 4 0 0 0 
350-400 0 2 3 0 0 0 
400-450 1 4 3 1 0 2 
450-500 1 3 4 0 0 0 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>500 13 28 32 3 2 4 
Number of major 
cities inside area 
and in influence 
zone C 
Total 13 28 32 3 2 4 
Inside aea 3 3 0 1 0 0 
> 5 38 21 9 6 3 2 
5-10 42 26 24 4 1 2 
10-15 53 31 47 3 2 3 
15-20 58 34 44 13 5 4 
20-25 52 57 60 8 1 5 
25-30 62 60 50 10 1 3 
30-35 55 54 68 6 6 6 
35-40 66 54 102 15 3 3 
40-45 61 75 80 8 9 5 
45-50 69 90 76 10 8 3 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 556 502 560 83 39 36 
Number of 
populated 
places inside 
area and in  
influence zone B 
Total 559 505 560 84 39 36 
Inside area 0 1 1 0 0 0 
> 5 1 1 2 16 5 7 
5-10 2 2 2 12 6 5 
10-15 2 3 3 18 5 9 
15-20 2 4 3 23 11 6 
20-25 2 2 4 25 8 4 
25-30 2 3 4 13 10 5 
30-35 2 2 3 14 10 6 
35-40 2 2 2 25 15 9 
40-45 1 1 2 35 20 9 
45-50 2 2 1 33 16 6 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
 
>50 18 22 26 214 75 66 
Number of 
protected areas 
inside area and 
in influence zone 
B 
Total 18 23 27 214 75 66 
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Table 6.4 Contextual characteristics of the case studies (continued) 
Protected Areas 
Iranian Case Studies Australian Case Studies 
Contextual Characteristics  Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National Park 
Inside area 0 9,904 8,969 0 0 0 
> 5 14,427 22,902 16,951 1,732 975 5,022 
5-10 9,377 28,263 16,908 4,129 1,204 4,493 
10-15 8,172 21,513 24,213 8,962 1,506 2,551 
15-20 6,361 12,492 18,458 6,210 1,502 2,300 
20-25 5,905 17,176 19,577 1,345 2,216 1,879 
25-30 9,242 18,991 30,699 554 4,835 1,255 
30-35 12,280 20,818 34,312 749 6,992 1,591 
35-40 15,185 23,324 40,882 6,643 6,477 3,112 
40-45 16,607 27,252 33,206 7,781 3,092 951 
45-50 19,916 35,942 24,667 12,300 6,742 605 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
 
(ki
lo
m
et
re
s) 
>50 117,472 235,673 259,873 50,405 35,541 23,759 
Area of 
protected 
areas inside 
and in  
influence zone 
B (hectares)   
Total 117,472 238,577 268,842 50,405 35,541 23,759 
Inside area 150 79 16 916 22 178 
> 5 256 145 214 1,069 155 40 
5-10 240 234 377 846 204 63 
10-15 329 348 480 1,034 235 187 
15-20 350 449 480 1,165 311 300 
20-25 402 656 534 1,353 394 350 
25-30 475 728 573 196 414 340 
30-35 530 706 658 1,399 499 357 
35-40 512 654 804 1,511 545 407 
40-45 526 695 800 1,547 644 521 
45-50 515 927 862 1,502 594 523 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 4,135 5,542 5,782 12,823 3,996 3,087 
Rail and road 
length inside 
area and in  
influence zone 
B (kilometres) 
Total 4,285 5,621 5,798 13,738 4,018 3,265 
Inside area 145 25 23 1,162 10 281 
> 5 251 75 50 1,173 145 48 
5-10 185 123 107 851 180 69 
10-15 255 187 186 893 267 156 
15-20 282 253 273 1,124 291 251 
20-25 314 280 353 1,222 290 296 
25-30 351 350 355 1,167 329 341 
30-35 402 399 413 1,174 392 338 
35-40 458 414 540 1,137 431 320 
40-45 529 472 552 1,269 396 324 
45-50 502 585 584 1,320 381 331 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 3,529 3,077 3,413 11,329 3,100 2,474 
Rivers length 
inside area 
and in  
influence zone 
B (kilometres) 
Total 3,674 3,103 3,436 12,491 3,110 2,755 
Inside area 0 0 0 9,314 4 660 
> 5 0 0 0 13,258 17,834 92910 
5-10 0 369 367 10,703 24,904 77425 
10-15 0 123 15 4,201 33,557 73233 
15-20 0 0 3 3,987 43,387 76486 
20-25 9 0 25 4,022 52,003 86975 
25-30 32 0 146 6,356 60,705 100514 
30-35 33 0 109 3,668 67,146 111951 
35-40 0 140 23 3,625 76,026 123993 
40-45 0 207 0 4,462 89,293 134171 
45-50 250 0 307 4,554 95,766 141844 D
is
ta
nc
e 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 324 839 995 58,917 560,621 1,019,502 
Water 
resources 
area/ inside 
and in 
influence zone 
B (hectares)    
Total 324 839 995 68,231 560,625 1,020,162 
Distance from the ocean 
(kilometres) 160 98 92 79 0 0 
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Data in table 6.4 was tabulated without considering ‘distance influence rate’. 
Table 6.5 was created considering different ‘distance influence rates’ (table 6.3) 
for the ‘contextual characteristics’ (table 6.4) except for ‘length of common 
border’ with other land uses and ‘distance from the ocean’.  
Table  6.5 Contextual characteristics of the case studies considering ‘distance influence rate’ 
Protected Areas 
Iranian Case Studies Australian Case Studies 
Contextual Characteristics  Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National 
Park 
Inside area 0.0 0.0 0.0 0.0 0.0 0.0 
> 50 0 1.0 2.0 0.0 0.0 0.0 
50-100 1.8 1.8 0.0 0.0 0.0 0.0 
100-150 0.8 4.0 4.8 0.0 0.8 0.8 
150-200 0.7 1.4 2.1 0.7 0.7 0.7 
200-250 0.0 0.0 1.2 0.6 0.0 0.0 
250-300 2.0 2.0 2.5 0.0 0.0 0.0 
300-350 1.2 2.0 1.6 0.0 0.0 0.0 
350-400 0.0 0.6 0.9 0.0 0.0 0.0 
400-450 0.2 0.8 0.6 0.2 0.0 0.4 
450-500 0.1 0.3 0.4 0.0 0.0 0.0 
Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>500 6.8 13.9 16.1 1.5 1.5 1.9 
Number of 
major cities 
inside area 
and in  
influence 
zone C 
Total 6.8 13.9 16.1 1.5 1.5 1.9 
Inside area 3.0 3.0 0.0 1.0 0.0 0.0 
> 5 38.0 21.0 9.0 6.0 3.0 2.0 
5-10 37.8 23.4 21.6 3.6 0.9 1.8 
10-15 42.4 24.8 37.6 2.4 1.6 2.4 
15-20 40.6 23.8 30.8 9.1 3.5 2.8 
20-25 31.2 34.2 36.0 4.8 0.6 3.0 
25-30 31.0 30.0 25.0 5.0 0.5 1.5 
30-35 22.0 21.6 27.2 2.4 2.4 2.4 
35-40 19.8 16.2 30.6 4.5 0.9 0.9 
40-45 12.2 15.0 16.0 1.6 1.8 1.0 
45-50 6.9 9.0 7.6 1.0 0.8 0.3 
Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 281 219 241 40 16 19 
Number of 
populated 
places 
inside area 
and in  
influence 
zone B 
Total 285 222 241 41 16 21 
Inside area 0.0 1.0 1.0 0.0 0.0 0.0 
> 5 1.0 1.0 2.0 16.0 5.0 7.0 
5-10 1.8 1.8 1.8 10.8 5.4 4.5 
10-15 1.6 2.4 2.4 14.4 4.0 7.2 
15-20 1.4 2.8 2.1 16.1 7.7 4.2 
20-25 1.2 1.2 2.4 15.0 4.8 2.4 
25-30 1.0 1.5 2.0 6.5 5.0 2.5 
30-35 0.8 0.8 1.2 5.6 4.0 2.4 
35-40 0.6 0.6 0.6 7.5 4.5 2.7 
40-45 0.2 0.2 0.4 7.0 4.0 1.8 
45-50 0.2 0.2 0.1 3.3 1.6 0.6 
Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 10 13 15 102 46 35 
Number of 
protected 
areas inside 
area and in  
influence 
zone B 
Total 10 14 16 102 46 35 
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Table 6.5 Contextual characteristics of the case studies considering ‘distance influence rate’ 
(continued)  
Protected Areas 
Iranian Case Studies Australian Case Studies 
Contextual Characteristics  Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National 
Park 
Inside area 0 9,904 8,969 0 0 0 
> 5 14,427 22,902 16,951 1,732 975 5,022 
5-10 8,440 25,437 15,217 3,716 1,084 4,044 
10-15 6,538 17,210 19,370 7,170 1,205 2,041 
15-20 4,452 8,744 12,921 4,347 1,051 1,610 
20-25 3,543 10,306 11,746 807 1,330 1,127 
25-30 4,621 9,496 15,350 277 2,418 628 
30-35 4,912 8,327 13,725 300 2,797 636 
35-40 4,556 6,997 12,265 1,993 1,943 934 
40-45 3,321 5,450 6,641 1,556 618 190 
45-50 1,992 3,594 2,467 1,230 674 61 Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 56,801 118,464 126,652 23,127 14,094 16,292 
Area of 
protected 
areas inside 
and in  
influence 
zone B 
(hectares)   
Total 56,801 128,308 135,621 23,127 14,094 16,292 
Inside area 150 79 16 916 22 178 
> 5 256 145 214 1,069 155 40 
5-10 216 211 339 761 184 57 
10-15 263 278 384 827 188 150 
15-20 245 314 336 816 218 210 
20-25 241 394 320 812 236 210 
25-30 238 364 287 98 207 170 
30-35 212 282 263 560 200 143 
35-40 154 196 241 453 164 122 
40-45 105 139 160 309 129 104 
45-50 52 93 86 150 60 52 Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 1,981 2,416 1,631 5,855 1,739 1,258 
Rail and road 
length inside 
area and in  
influence 
zone B 
(kilometres) 
Total 2,130 2,495 2,647 6,771 1,761 1,436 
 
 91,258 9,904 8,969 166,876 1,963 48,135 
Inside area 145 25 23 1,162 10 281 
> 5 251 75 50 1,173 145 48 
5-10 167 111 96 766 162 62 
10-15 204 150 149 714 214 125 
15-20 197 177 191 787 204 176 
20-25 188 168 212 733 174 178 
25-30 176 175 178 584 165 171 
30-35 161 160 165 470 157 135 
35-40 137 124 162 341 130 96 
40-45 106 94 110 254 79 65 
45-50 50 59 58 132 38 33 Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 1,637 1,292 1,372 5,953 1466 1,088 
Rivers length 
inside area 
and in  
influence 
zone B 
(kilometres) 
Total 1,782 1,317 1,395 7,115 1,476 1,369 
Inside area 0 0 0 9,314 4 660 
> 5 0 0 0 13,258 17,834 92,910 
5-10 0 332 330 9,633 22,413 69,683 
10-15 0 98 12 3,361 26,846 58,586 
15-20 0 0 2.1 2,791 30,371 53,540 
20-25 5 0 15 2,413 31,202 52,185 
25-30 16 0 73 3,178 30,352 50,257 
30-35 13 0 43 1,467 26,858 44,780 
35-40 0 42 7 1,088 22,808 37,198 
40-45 0 41 0 892 17,859 26,834 
45-50 25 0 31 455 9,577 14,184 Di
st
an
ce
 
fro
m
 
th
e 
bo
rd
er
 
(ki
lo
m
et
re
s) 
>50 60 514 514 38,536 236,120 500,158 
Water 
resources 
area/ inside 
and in 
influence 
zone B 
(hectares) 
Total 60 514 514 47,850 236,124 500,818 
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6.6  Determining spatial metrics for landscape ecological 
planning 
GIS was used to calculate ‘spatial metrics’ for the case studies. To calculate ‘spatial 
metrics’ the first step was preparing ‘contextual maps’. New spatial data were 
calculated about spatial characteristics to explain the ‘shape’, ‘size’ and 
‘neighbourhood land uses’ of each case study. Figure 6.20 shows the process of 
calculating ‘Spatial Metrics’ for each case study. Different metrics were used to 
describe each spatial aspect: 
• For ‘shape’ and ‘size’ of the area: ‘area’, ‘area compaction’, ‘perimeters’ 
• For ‘neighbourhood effects’: ‘area number’, ‘mean area size’, 
‘contagion, ‘landscape richness, ‘edge contrast’, ‘mean nearest 
neighbourhood’, ‘mean proximity index’, ‘road length’ 
As discussed and defined in section 4.5, ‘spatial metrics’ including ‘area compaction’, 
‘area number’, ‘mean area size’, ‘contagion’, ‘landscape richness’, ‘edge contrast’, 
‘mean nearest neighbourhood’ and ‘mean proximity index’ were selected for this 
research based on a ‘core set’ of landscape spatial metrics listed by Leitao and 
Ahern (2002). Metrics were calculated considering existing definitions used by 
McGarigal and Marks (1995), Riitters et al. (1996), O’Sullivan and Unwin (2003) and 
Leitao and Ahern (2002). However, the detailed processes of calculating metrics may 
be different in this research because consideration was given to ‘distance influence 
rate’. In addition, ‘road length’ is added to the ‘core set’ of landscape metrics in order 
to consider the effect of roads within the area for this research project:   
• Area: using GIS tool areas were calculated in metre squares. 
• Area compaction: measures the extent to which a patch is 
approximately circular. The metric is computed drawing a circle of area 
and centred in the mean centre of the polygon and then calculating the 
percentage of the common area of the polygon and the circle. 100 percent 
shows the most desirable shape.   
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Figure 6.20 Process of calculating spatial metrics for each case study 
• Perimeters: using GIS tool, perimeters were calculated in metres.  
• Area number: measures the total number of fragmented areas of the 
case study. If ‘area number’ is high, it indicates that the protected area is 
fragmented.  
• Mean area size: measures the average area size of a protected area. It 
is calculating by dividing the park’s area by the ‘area number’. If the ‘mean 
area size’ is substantially smaller than the area of the park, it indicates a 
Contextual data:  
‘Spatial metrics’ of each case study and 
its surrounding areas 
Border map 
Influence 
zone A 
Area, Area compaction, 
Perimeters, Area number 
Overlay 
 
Contagion, 
Edge contrast  
Mean proximity 
index, 
Landscape 
richness 
Overlay 
Map of ‘major cities’ in 
‘influence zone C’, maps 
of ‘populated places’ and 
‘rails & roads’ in 
‘influence zone B’   
 
Mean area size, 
Mean nearest 
neighbour 
distance  
Areas of ‘neighbourhood 
protected areas’ in 
'influence zone B’ 
Areas of private owners, 
other reserves & other 
land-uses in ‘influence 
zone A’ 
Overlay 
Influence 
zone B 
Influence 
zone B & 
C 
Map of ‘rail & roads’ in 
Inside Area Road length Overlay 
Border 
map 
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fragmented landscape. ‘Area number’ and ‘mean area size’ should be 
used complementarily since high ‘area number’ and low ‘mean area size’ 
values reinforce an interpretation of a fragmented landscape condition. 
• Contagion: measures the relative aggregation of areas of different 
types at the landscape scale. This metric can be calculated, for example, 
by measuring the number of all adjacencies that have the same land use. 
In this research project different adjacent land uses were categorised into 
five major groups including agricultural activities, roads, villages, water 
sources and other neighbourhood protected areas in ‘influence zone A’.  
• Landscape richness: measures the number of different types of land 
use in ‘influence zone B’. At its lowest limit, there is only two land use or 
land cover class (one protected area and one other land use area) and 
landscape lacks diversity.  
• Edge contrast: measures the common border of the area with other 
land uses in the neighbourhood areas, ‘influence zone A’. Total ‘edge 
contrast’ index quantifies edge contrast as a percentage of the maximum 
possible. The effect of agricultural activities, roads, villages, water sources 
and other neighbourhood protected areas will be considered in this metric. 
Reliable data for industrial activities in neighbourhood areas of the Iranian 
case studies were not available. Therefore, industrial activities were not 
considered for this metric in this research project. 
• Mean nearest neighbour distance: measures the sum of distances 
between areas of the same class in different surrounding areas in 
‘influence zone B’ and the focal area. The metric considers the distance 
influence rate. The metric can be used as a surrogate for connectivity. 
• Mean proximity index or proximity: measures the impact and proximity 
distance of other land uses in surrounding areas. The index is computed 
from the distance between the focal area and each of the other areas 
within the search influence zones. The metric considers the distance 
influence rate. In this research project, number of ‘major cities’ in 
‘influence zone C’, number of ‘populated places’ and length of rail and 
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roads in ‘influence zone B’ were calculated according to this metric. The 
metric can also consider other contextual characteristics such as 
agriculture and industrial activities in neighbourhood areas. However, 
reliable data about other contextual characteristics of the Iranian case 
studies were not available, and therefore only metrics about township 
areas and accessibility were considered. The positive influence of existing 
rivers and water sources were not considered for this metric. The influence 
of ‘rivers’ and ‘water sources’ were considered on temporal aspects (see 
section 6.7)  
• Road length: calculates the total length of roads within the area divided 
by the area of the park. The metrics can be used as a surrogate to show 
how fragmented the protected areas are. ‘Road length, ‘area number’ and 
‘mean area size’ should be used complementarily. As this research is at 
landscape level, whole landscape heterogeneity may not be considered in 
‘area number‘ and ‘mean area size’. Particularly when there are roads 
within the area of the park and they are not producing any polygon, the 
roads influence in fragmentation of the area cannot be indicated by ‘area 
number’ and ‘mean area size’. 
Table 6.10 summarises the operational definition of the spatial metrics. 
6.6.1 Analysing the spatial metrics 
Calculated spatial metrics are summarised and tabulated in table 6.6. The table 
shows spatial similarities and disparities between the case studies.   
Generally, areas of the case studies are larger than 1000 hectares, the 
minimum area for a National Park suggested by IUCN (1994). The smallest 
park is Port Campbell National Park. Although the Park is nearly two times 
larger than the IUCN suggested minimum size, it is a linear and coastal park 
with a maximum width of two kilometres. Port Campbell National Park has the 
lowest ‘area compaction’. This suggests that the shape of the Park has the 
lowest rank of regularity. A small irregular area shape can be considered as a 
more vulnerable area. This is not an important issue for the other case studies. 
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The Grampians National Park with 166,876 hectares has the biggest area. 
Generally, the Australian case studies show a bigger range of area compared 
with the Iranian case studies.  
The ‘perimeter’ for Port Campbell National Park is 84 while for Sorkheh-hesar 
National Park it is 53. Considering the area of the Parks, the ‘perimeter’ of Port 
Campbell National Park shows a high level. This suggests an irregular shape 
for the Park.  
Table  6.6 Spatial metrics of the case studies 
Protected Areas 
Iranian Case Studies Australian Case Studies 
Spatial Metrics Comparison 
Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National 
Park 
Wilsons 
Promontory 
National 
Park 
Area (hectares)   91,258 9,904 8,969 166,876 1,963 48,135 
Area compaction (percentage) 78 71 76 71 17 64 
Sh
ap
e 
an
d 
si
ze
 
Perimeters (kilometres) 220 59 53 1,173 84 387 
Area number  2 1 1 4 2 33 
Mean area size (kilometres) 45,629 9,904 8,969 41,719 981 1,458 
Contagion 1 1 1 1 1 1 
Landscape richness 1 1 1 1 1 1 
Mean nearest neighbour 
distance: number  10 14 16 102 46 35 
Mean nearest neighbour 
distance: area (hectares) 56,801 128,308 135,621 23,127 14,094 16,292 
Edge contrast (kilometres) 60 18 13 91 44 4 
Mean proximity index (major 
cities) 7 14 16 2 2 2 
Mean proximity index 
(populated places) 285 222 241 41 16 21 
Mean proximity index 
(rail & roads) 2,130 2,495 2,647 6,771 1,761 1,436 
Ne
ig
hb
o
u
rh
o
o
d 
la
n
d 
u
se
s 
Road length (kilometres) 0.0023 0.0252 0.0295 0.0041 0.0897 0.0030 
The Grampians National Park has the second highest rate in ‘area number’. 
After Wilsons Promontory National Park, compared with other case studies, the 
Grampians National Park has the most fragmented landscape.  
Port Campbell National Park has the lowest level of ‘mean area size’, but this 
cannot be considered as a fragmentation index for the Park, as the Park has the 
smallest area, and a low level of ‘area number’. However, low ‘mean area size’ 
and high level of ‘area number’ in Wilsons Promontory National Park indicate 
high level of fragmentation. Being a coastal park with 32 offshore sites can be 
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considered the reason behind the low level of ‘mean area size’ for the Park. 
This is the same as for ‘area number’. 
‘Contagion’ shows landscape structure. All case studies have agricultural 
activities, roads, villages, water sources and other neighbourhood protected 
areas in their adjacent neighbourhood land uses. Therefore, contagion was 
determined five out of five for the Parks. ‘Contagion’ and ‘landscape richness’ 
are complementary since high ‘contagion’ and ‘landscape richness’ values 
reinforce an interpretation of a rich landscape. 
Richness is partially a function of scale. Larger areas are more likely to be rich 
in land use variety than a small area. Comparing richness among landscapes 
with different sizes can be difficult. For this research, while ‘contagion’ was 
determined in ‘influence zone A’, ‘landscape richness’ was determined in 
‘influence zone B’. All case studies show maximum level of ‘landscape 
richness’. This indicates that the areas of ‘influence zone B’ for the case studies 
include all different land uses including agricultural activities, roads, villages, 
water sources and other neighbourhood protected areas. A comparison of 
‘mean nearest neighbourhood’ (numbers and area) for the Iranian and the 
Australian case studies shows that there is a higher number of neighbourhood 
protected areas in the influence zones of the Australian case studies. In 
contrast, areas of neighbourhood protected areas are significantly greater in the 
Iranian case studies. This indicates that in the neighbourhood areas of the 
Australian case studies, protected areas are more fragmented compared with 
the Iranian case studies. Mean area of Australian neighbourhood protected 
areas for the case studies is 292 hectares ((23127+14094+16292)/ 
(102+46+35)), which is about 29% of the minimum size suggested by IUCN 
(1994) (section 4.6.1). This index for the Iranian case studies is 82%. A smaller 
index in the Australian case studies suggests that the case studies are more 
fragmented in their landscape compared with the Iranian case studies. 
‘Mean nearest neighbourhood’ is a metric to study an area in its landscape. 
‘Area number’ and ‘mean area size’ can be used to quantify fragmentation level 
of an area. ‘Area number’ is higher for Wilsons Promontory National Park. This 
shows the Park has the highest fragmentation rate. However, the Park is a 
coastal area and the high ‘area number’ seems to be because of 32 small 
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offshore islands in the surrounding areas. Therefore, the interpretation of this 
index for the Park is difficult. The Park and the islands are surrounded by other 
types of reserves including Wilsons Promontory National Marine Park, Wilsons 
Promontory Marine Park and Wilsons Promontory Marine Reserve. Fishing is 
permitted in Wilsons Promontory Marine Park and Wilsons Promontory Marine 
Reserve, while it is not permitted in the National Parks (Parks Victoria, 2006). 
This can indicate that some of the islands are connected to the other areas with 
lower levels of protection.  
‘Edge contrast’ in this research project is calculated for a distance up to 100 
metres from the border of the area. ‘Edge Contrast’ for the Grampians National 
Park is 91. This suggests a high contrast with the Park’s neighbourhood areas. 
In contrast, Wilsons Promontory National Park has the lowest ‘edge contrast’ as 
most of its adjacent areas are other reserves. This shows little contrast with the 
Park’s neighbourhood areas.  
Different ‘mean proximity index’ were calculated for the case studies. ‘Major 
cities’ and ‘populated places’ for the Iranian case studies are higher than for 
Australia. This can be considered as a reason for different cultural activities 
between the Iranian and the Australian case studies. Cultural activities can be 
considered as a management issue for the case studies, however, the Iranian 
case studies have more conflict with local communities compared with the 
Australian case studies.  
A comparison between the level of ‘rail and roads’ of the Iranian and the 
Australian case studies shows higher levels of ‘rail and roads’ in the Australian 
case studies. The Grampians National Park has the highest level of ‘rail and 
roads’. Low levels of ‘rail and roads’ in Port Campbell National Park and 
Wilsons Promontory National Park could be because they are coastal protected 
areas. The difference can be considered as a result of the different levels of 
development between the two countries. 
‘Road length’ metric shows the length of rail and roads divided by the areas of 
the protected areas. Port Campbell National Park has the highest level of ‘road 
length’. Considering the Park shape metrics, high level of ‘road length’ can be 
considered as an important index for the Park. It suggests a high level of 
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fragmentation for the Park. Low level of ‘road length’ for Golestan National Park 
is difficult to interpret. Although the level of ‘road length’ is not high for the Park, 
the highway within the park is, in fact, one of the most important issue for the 
Park. The importance of the roads must be considered in interpretation of the 
metric for the Park. Generally, Wilsons Promontory National Park shows the 
lowest level of ‘road length’. It suggests the lowest level of landscape 
fragmentation caused by roads among other case studies. 
Table 6.11 summarises the management implications of the spatial metrics for the 
case studies.  
6.7  Determining temporal metrics for landscape ecological 
planning 
As mentioned in chapter four, ’temporal metrics’ include ‘climate variability’, ‘visitation 
patterns’ and ‘temporal events’ (figure 6.21). Numeric data about ‘visitation patterns’ 
and ‘temporal events’ can be collected from the management plan of the case 
studies or other related reports and references. However, as mentioned in chapter 
five, detailed data of ‘visitation patterns’ and ‘temporal events’ are not available for 
the Iranian case studies.  
 
 
 
 
 
 
Figure 6.21 Components of ‘temporal metrics’ 
Fundamental climate data such as temperature and relative humidity can be 
collected from management plans or other related sources. Temporal climate metrics 
or ‘climatic variability’ were calculated considering three major groups of climate 
metrics including ‘climate characteristics data’, ‘environmental data’ and ‘landform 
metrics’ (figure 6.22). Metrics of ‘climate characteristics’ and data about latitude of the 
case studies were illustrated in chapter five. Metrics of ‘water sources’ were 
calculated as ‘contextual maps’ in section 6.5.5. However, certain metrics related to 
Temporal Metrics  
Climate Variability 
 
Temporal Events 
 
Visitation Patterns 
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‘climate variability’ such as data about ‘landform metrics’ were calculated using GIS 
tools for this research project. The metrics then were used to create ‘topographic 
variety rate’.  
 
 
 
 
 
 
 
 
Figure 6.22 Process of preparing metrics of ‘climatic variability’ for each case study 
 
As mentioned in section 6.5.4, ‘contour maps’ were used as a base for creating maps 
of ‘altitude-area’, ‘aspect-area’ and ‘slope-area’ in GIS. ‘Area’ of each class of 
altitude, aspect and slope were calculated for the areas based on original derived 
data. For example, metrics of altitude, aspect or slope were measured by calculating 
areas of each altitude class for ‘inside area’.  
Table  6.7 Landform data ‘inside area’ of each case study  
Case Studies 
Iranian Case Studies Australian Case Studies 
Landform data 
‘Inside Area’ Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National Park 
Wilsons 
Promontory 
National Park 
<100 - - - - 1,962 30,167 
100-200 - - - 6,335 1 7,084 
200-300 - - - 58,907 - 4,846 
300-400 - - - 35,541 - 3,622 
400-500 - - - 26,612 - 1,585 
500-600 265 - - 19,065 - 672 
600-700 1,280 - - 10,264 - 158 
700-800 1,481 - - 7,027 - - 
800-900 2,174 - - 2,328 - - 
900-1000 2,714 - - 941 - - 
1000-1100 3,146 - - 336 - - 
1100-1200 4,680 558 927 134 - - 
1200-1300 7,762 2,900 1,191 - - - 
1300-1400 12,431 2,466 2,105 - - - 
1400-1500 11,134 1,322 2,037 - - - 
1500-1600 9,717 905 1,702 - - - 
1600-1700 8,642 805 899 - - - 
1700-1800 8,217 569 110 - - - 
1800-1900 8,521 357 37 - - - 
1900-2000 5,045 19 11 - - - 
2000-2100 2,308 - - - - - 
2100-2200 1,394 - - - - - 
2200-2400 766 - - - - - 
Al
tit
u
de
 
(he
ct
ar
es
) 
2400> - - - - - - 
Temporal climate metrics of each case study and its 
surrounding areas (Climatic Variability) 
 
Climate Characteristics 
Data: Temperature, Relative 
Humidity, Current Ocean, 
Current Wind 
 
Landforms Metrics: 
Metrics of Altitude, 
Aspect & Slope, and 
Mountain Areas 
Environmental 
Characteristics: 
Latitude and 
Water Sources 
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Table 6.7 Landform data ‘inside area’ of each case study (continued) 
Case Studies 
Iranian Case Studies Australian Case Studies 
Landform data 
‘Inside Area’ Golestan 
National 
Park 
Khojeir 
National 
Park 
Sorkhe-
hesar 
National 
Park 
The 
Grampians 
National 
Park 
Port 
Campbell 
National Park 
Wilsons 
Promontory 
National Park 
Plane 542 86 - 10,742 - 5,360 
North 36,381 1,415 2,737 25,735 - 11,544 
East 11,026 2,873 545 47,932 - 10,248 
South 30,606 3,165 1,074 20,995 1,406 7,426 As
pe
ct
 
(he
ct
ar
es
) 
West 13,119 2,362 4,665 62,089 557 13,555 
Plane 1714 214 24 26107 175 9495 
<5 16505 3173 113 52902 1788 15334 
5-10 24394 3077 2240 42233 - 8425 
10-15 18982 1784 4039 25942 - 6945 
15-20 12678 1149 2179 11776 - 4018 
20-25 8851 459 427 5947 - 2930 
25-30 4204 48 - 2388 - 989 
30-35 2708 - - 202 - - 
35-40 1568 - - - - - 
40-45 71 - - - - - S
lo
pe
 
(pe
rc
en
ta
ge
) 
>45 - - - - - - 
Table 6.7 shows areas of each case study at different levels of altitude, different 
aspects and slopes. Data were generalised to present in this section. Original raw 
data are available in the appendices.  
Table  6.8 ‘Mountain volume’ of the case studies 
Case Studies 
Iranian Case Studies Australian Case Studies 
Mean Level Hight 
 Golestan 
National 
Park 
 Khojeir 
National 
Park 
 Sorkhe-
hesar 
National 
Park 
 The 
Grampians 
National 
Park 
 Port 
Campbell 
National Park 
 Wilsons 
Promontory 
National Park 
50 x 265 558 927 6,335  1,962 30,167 
150 x 1,280 2,900 1,191 58,907  1 7,084 
250 x 1,481 2,466 2,105 35,541 - 4,846 
350 x 2,174 1,322 2,037 26,612 - 3,622 
450 x 2,714 905 1,702 19,065 - 1,585 
550 x 3,146 805 899 10,264 - 672 
650 x 4,680 569 110 7,027 - 158 
750 x 7,762 357 37 2,328 - - 
850 x 12,431 19 11 941 - - 
950 x 11,134 -  - 336 - - 
1050 x 9,717 - - 134 - - 
1150 x 8,642 - - - - - 
1250 x 8,217 - - - - - 
1350 x 8,521 - - - - - 
1450 x 5,045 - - - - - 
1550 x 2,308 - - - - - 
1650 x 1,394 - - - - - 
1750 x 766 - - - - - 
Total/cubic metres 90,744,150 3,045,850 2,833,150 49,150,000 98,250 6,235,700 
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As mentioned in section 4.6.1, the size of a mountain’s landmass influences its own 
environment. The greater the surface of the mountain landmass, the greater effect 
the mountain area will have on its own environment. Therefore, ‘Mountain volume’ 
was calculated for the case studies. In doing so, the lowest level of each case study 
was considered as a baseline for its mountain volume. Altitude for the case studies 
was considered from their minimum height. Then the mean height of each altitude 
interval class was calculated. For example, the mountain volume for Golestan 
National Park was calculated from 500-600 metre altitude. As is shown in table 6.8, 
‘Mountain volume’ for this level was calculated as: Mean level height x Area or [(100 
– 0.00)/2] x 265 and for the second level, it was calculated as: [(200-100)/2] x 1280. 
Table 6.10 summarises the operational definition of the spatial metrics. 
6.7.1 Analysing the temporal metrics  
Table 6.9 shows a summary of temporal similarities and disparities between the 
case studies. ‘Mountain volume’ as well as ‘minimum’, ‘maximum’, ‘range’, 
‘average’, ‘variance’, ‘standard deviation’ and ‘coefficient variance’ of temporal 
metrics are documented in the table.  
The table shows that compared with the other case studies, Golestan National 
Park has the biggest ‘mountain volume’. For the Park, therefore, it is more likely 
to have fewer impacts from surrounding area airflow patterns. In addition, the 
Park has the maximum altitude, highest altitude range, maximum slope range, 
maximum average slope and minimum ‘water source’. The Park also has the 
maximum distance from the ocean among the case studies. These can be 
considered as reasons for maximum temperature range and maximum annual 
average temperature range among the other case studies. In addition the Park 
has the maximum range of rainfall among the case studies.   
Khojeir National Park and Sorkhe-hesar National Park have the maximum 
altitude range and average and the second highest average slope. These parks 
have the least ‘river length’ and lowest ‘water source’. These can be the 
reasons behind the maximum temperature range in the Parks. In addition the 
Parks have minimum range and amount of rainfall among the case studies.   
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The ‘river length’ and ‘water source’ in the Grampians National Park are high. 
The Park has the maximum ‘river length’. In addition, the Park has minimum 
average slope and moderate variances of slope. However, the Park has 
moderate ‘mountain volume’ among the case studies. These can be considered 
as reasons for the moderate temperature range in the Park.  
Port Campbell National Park has the minimum ‘mountain volume’. The Park has 
the minimum range and average of altitude and minimum range of aspect. The 
Park has the minimum variance of altitude and moderate variance of slope. 
More than 99 percent of the Park’s areas has less than 100 metre altitude and 
100 percent of the Park areas has less than five percent slope. These can be 
the reasons behind the low annual average temperature range in the Park. In 
addition the Park has the lowest range of relative humidity compared with the 
other case studies. 
Not surprisingly, Port Campbell National Park and Wilsons Promontory National 
Park have significantly more ‘water sources’ (rivers and water source areas) in 
their influence zones compared with the other case studies, as they are coastal 
protected areas. Wilsons Promontory National Park has the maximum ‘water 
sources’. It has 8,347 times more ‘water sources’ than Golestan National Park. 
The Park has the second minimum range and average of altitude and average 
slope. These can be the reasons behind the lowest range and annual average 
temperature range in the Park. In addition the Park has the lowest range of 
relative humidity compared with the other case studies.  
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Topographic Variety Rate  
From the preceding section, the statistical study of landform metrics shows 
significant differences in landform metrics between the case studies. In addition, 
inside each case study there is a significant difference in all aspects of 
landform. Using raw landform data (appendices 1-3), the coefficient variances 
of altitude and slope data were calculated. The coefficient variances show that 
the Parks have different relative standard deviations in altitude and slope (table 
6.9). This indicates that the Parks are different in variation of altitude and slope. 
Figure 6.23 shows differences in distribution of altitude in the case studies. The 
Iranian case studies show a higher altitude compared with the Australian case 
studies. Figure 6.24 shows differences in distribution of slope in the case 
studies. Golestan National Park has the widest range of slope, while Port 
Campbell National Park has the minimum range of slope. 
Figure 6.25 shows differences in distribution of aspects in the case studies. 
More than seventy percent of Port Campbell National Park faces south, while 
the distribution of various aspects for Wilsons Promontory National Park is 
almost equal. In addition, a chi-square independence test (homogeneity of 
proportions test) was used to determine whether there is an association 
between a row variable and column variable of observed aspects data (raw 
aspect data documented in the appendices). The results indicate that the 
variables are not associated, or independent. It means the Parks have different 
distribution of aspects. Generally, the Parks vary in all aspects of landform. In 
addition, inside the Parks distribution of altitude, aspect and slope are not 
homogeneous. The Parks have different classes of altitudes, aspects and 
slopes. This can be considered as a driving force behind having differences in 
climate variability inside the parks. It is important to be able to determine the 
location of, for example, a high rate of climate variability in a map for an area 
particularly for an area with a lack of detailed climate data. This can be helpful, 
for example, in tourism management by informing tourists about a possible rate 
of changes in the climate condition of a tourist destination. In doing so, a map 
called ‘topographic variety rate’ was determined to show the location of 
topography variation for each aspect of landform.  
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The ‘topographic variety rate’ was calculated using an ArcGIS tool called 
‘Neighbourhood focal statistics’. The tool is used to calculate the Standard 
Deviation of the cells in the neighbourhood on a raster map. This tool was 
applied separately for altitude, aspect and slope and for each case study. The 
result is called a ‘deviation map’. This metric was used to show the location of 
topography variation in a map for each aspect of landform. It is possible to 
locate maximum or minimum topographic variation for each case study by 
overlaying ‘deviation maps’ of altitude, aspect and slope. The result is called 
‘landform topographic variety rate map’. The map can be used to show the 
location of possible maximum ‘climate variability’ in the area.  
Figure 6.26 shows the process of creating a ‘landform topographic variety rate’ 
for each case study. Figures 6.27 and 6.28 show the maps for the Iranian case 
studies and the Australian case studies. Maps are presented in three categories 
of standard deviations to provide more simple maps. In reality, they may have 
different categories with more classes. Dark brown areas in the maps show 
areas with more potential in climate changes. Light brown shows areas with 
less potential of ‘climate variability’.   
Table 6.11 summarises the management implications of the temporal metrics for the 
case studies.  
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Inside Area/Aspect/Hectares/Percentages
0%
20%
40%
60%
80%
100%
West 13,119 2,362 4,665 62,089 557 13,555
South 30,606 3,165 1,074 20,995 1,406 7,426
East 11,026 2,873 545 47,932 0 10,248
North 36,381 1,415 2,737 25,735 0 11,544
Plane 542 86 0 10,742 0 5,360
Golestan National 
Park 
Khojeir National 
Park 
Sorkhe-hesar 
National Park
Grampians 
National Park
Port Campbell 
National Park
Wilsons 
Promontory 
National park
 
Figure 6.25 Distribution of aspect areas in the case studies   
 
 
 
 
 
 
 
 
 
 
 
Figure 6.26 Process of showing ‘landform topographic variety rate’ for each case study 
Altitude Deviation 
Map 
Neighbourhood 
Focal Statistics 
Landform Topographic Variety 
Rate Map  
Overlay 
Neighbourhood 
Focal Statistics 
Neighbourhood 
Focal Statistics 
Aspect Deviation 
Map 
Slope Deviation 
Map 
Aspect-Area 
 
Altitude-Area 
 Slope-Area 
 
La
n
ds
ca
pe
 
e
co
lo
gi
ca
l p
la
n
n
in
g 
fo
r 
pr
o
te
ct
e
d 
a
re
a
s 
u
si
n
g 
sp
a
tia
l a
n
d 
te
m
po
ra
l m
e
tri
cs
 
  Ch
a
pt
e
r 
6 
-
 
Im
pl
e
m
e
n
ta
tio
n
 
o
f t
he
 
fra
m
e
w
o
rk
 
19
8 
0
10
20
30
40
5
Ki
lo
m
e
te
rs

G
o
le
s
ta
n
 
N
a
tio
n
a
l P
a
rk
 
La
n
df
o
rm
s
 
Va
rie
ty
 
R
a
te
G
R
ID
CO
D
E
1 
-
 
77
78
 
-
 
13
2
13
3 
-
 
21
6
 
 
0
2.
5
5
7.
5
10
1.
25
Ki
lo
m
et
er
s

kh
o
jei
r 
N
at
io
n
a
l P
ar
k 
La
n
df
o
rm
s
 
Va
rie
ty
 
Ra
te
G
RI
DC
O
DE
75
 
-
 
14
6
14
7 
-
 
19
4
19
5 
-
 
26
8
 
 
0
2.
5
5
7.
5
10
1.
25
Ki
lo
m
e
te
rs 
75
 
-
 
14
2
14
3 
-
 
20
4
20
5 
-
 
26
3
So
rk
he
h-
he
s
ar
 
Na
tio
n
a
l P
a
rk
 
 
La
n
df
o
rm
s 
Va
rie
ty
 
R
at
e
G
R
ID
CO
D
E
 
Fi
gu
re
 
6.
27
 
M
ap
s 
o
f ‘
la
n
df
o
rm
 
v
ar
ie
ty
 
ra
te
’
 
o
f t
he
 
Ira
n
ia
n
 
c
as
e 
st
u
di
es
 
 
 
La
n
ds
ca
pe
 
e
co
lo
gi
ca
l p
la
n
n
in
g 
fo
r 
pr
o
te
ct
e
d 
a
re
a
s 
u
si
n
g 
sp
a
tia
l a
n
d 
te
m
po
ra
l m
e
tri
cs
 
  Ch
a
pt
e
r 
6 
-
 
Im
pl
e
m
e
n
ta
tio
n
 
o
f t
he
 
fra
m
e
w
o
rk
 
19
9 
0
10
20
30
40
5
Ki
lo
m
et
e
rs

Th
e
 
G
ra
m
pi
a
n
s
 
N
at
io
n
a
l P
ar
k 
La
n
df
o
rm
s 
Va
rie
ty
 
Ra
te
G
R
ID
CO
D
E
3 
-
 
19
1
19
2 
-
 
37
9
38
0 
-
 
56
7
 
 
0
5
10
15
20
2.
5
Ki
lo
m
et
er
s

Po
rt
 
Ca
m
pb
el
l N
at
io
n
al
 
Pa
rk
 
La
n
df
o
rm
s 
Va
rie
ty
 
Ra
te
G
R
ID
CO
D
E
13
0 
-
 
17
9
18
0 
-
 
22
3
22
4 
-
 
26
8
 
 
0
5
10
15
20
2.
5
Ki
lo
m
e
te
rs

W
ils
o
n
s
 
Pr
o
m
o
n
to
ry
 
N
at
io
n
a
l P
ar
k 
La
n
df
o
rm
s 
Va
rie
ty
 
R
at
e
G
R
ID
CO
D
E
3 
-
 
21
9
22
0 
-
 
38
2
38
3 
-
 
66
2
 
Fi
gu
re
 
6.
28
 
M
ap
s 
o
f ‘
la
n
df
o
rm
 
v
ar
ie
ty
 
ra
te
’
 
o
f t
he
 
Au
st
ra
lia
n
 
ca
se
 
st
u
di
e
s
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 6 - Implementation of the framework 200 
6.8  Landscape ecological planning: using spatial and 
temporal metrics 
The results of the case studies will be summarised in this section. A summary of the 
data used and the output results can be used to develop a model for the process of 
landscape ecological planning using spatial and temporal metrics. The model 
presents a new framework for protected areas planning using a new set of 
spatial/temporal data required and a list of criteria for analysing the spatial and 
temporal metrics and with the potential of implementing a flexible plan for the area 
under study.  
6.8.1 A list of data required for landscape ecological planning and 
the criteria for analysing the results 
The importance of consideration of the spatial and temporal characteristics of 
areas in the process of protected area planning was discussed through the 
literature review in chapters two, three and four. It was documented that 
spatial/temporal analysis can be used to examine landscape compaction and 
fragmentation as well as variability of areas. As it documented in detail in 
sections 4.6 and 4.5, spatially, a more circular large area with more compatible 
neighbourhood land use and fewer roads indicates a more ecologically 
sustainable area or a less fragmented area. In addition, temporally, an area 
close to a big water body with low climate changes and less topography 
indicates an area with less landscape change. The implementation of these 
biophysical aspects for the planners will be dealt with in section 6.8.2.  
Chapter four documents a list of important spatial and temporal data required 
for the process of planning for protected areas. By examining the list in a 
quantitative approach, certain metrics were determined for the case studies in 
this chapter. Table 6.10 shows the metrics. The table shows a list of spatial and 
temporal data required for landscape ecological planning and criteria for 
analysing spatial and temporal metrics. The list also can be used in the 
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interpretation of spatial and temporal management issues of protected areas. 
Using the metrics introduced for this research project, the criteria state a more 
circular area with less fragmentation as well as less climate variability.  
Table  6.10 Spatial and temporal data required for landscape ecological planning and 
criteria for analysing spatial and temporal metrics  
 Metric Operational Definition  Criteria 
Area  Hectares  Large area/ Minimum 1000 hectares   
Area compaction Common area of the polygon and a 
mean cantered circle More circular 
 
 
Sh
ap
e 
an
d 
Si
ze
 
Perimeters  Kilometres Larger 
Area number  Number of fragmented area Low number 
Edge contrast Length of common border with other land uses in percentage (kilometres) Low edge contrast 
Mean area size Average area size (hectares) High mean area size 
Contagion Number of neighbours Low number 
Landscape richness Number of other land uses (except 
natural areas)  Low number  
Mean nearest 
neighbourhood 
Number and area of other reserves in 
influence zone  (hectares/number) Larger area and/or high number 
Mean proximity index Area or number of other land uses in influence zone (hectares or number) Small area and/or low number 
Sp
at
ia
l in
de
x 
Ne
ig
hb
o
u
rh
o
o
d 
la
n
d 
u
se
s 
Road length Road length/area (kilometres) Low number 
Altitude Maximum, variance Low altitude and/or low variance  
Aspect Maximum, variance Low variance  
Slope Maximum, variance Low slope and/or low variance  
Mountain volume Mountain volume/ cubic kilometres  Low number  
Topographic rate Overlay of standard deviation of 
altitude, aspect & slope Low rate  
Surrounding water 
sources 
Water sources areas - river length Large areas and length  
Distance from the 
ocean 
Kilometres Less distance  
Ocean current  Text Low number/short duration  
Wind current  Text, kilometres/ hours Low number/short duration  
Temperature Centigrade  Low range 
Rainfall Millimetres Low range 
Relative humidity Percentage Low range 
Cl
im
at
e 
va
ria
bi
lity
 
ra
te
 
Latitude Degree  Low latitude 
Climate condition Temperature, relative humidity  Moderate weather  
Number of visitors Number of visitors Low number 
Peak visit duration Duration (days) Short duration 
Climate variability rate Variety of altitude, aspect & slope Low rate  
Proximity to cities Number of cities and population Low rate   
Vi
sit
at
io
n
 
pa
tte
rn
s 
Accessibility Road length, access point/ park area Low number  
Disturbance events Scale, magnitude and size Low number and area, more distance  
Blossom  Duration (days) Short duration 
Te
m
po
ra
l i
n
de
x 
O
th
er
 
 
 
te
m
po
ra
l 
ev
en
ts
 
Animal movement Duration (days) Short duration 
As indicated in table 6.10, a more circular ‘area’, large ‘area’, ‘perimeters’ and 
‘mean nearest neighbourhood’, low number in ‘area number’, ‘edge contrast’, 
‘contagion’, ‘landscape richness’, ‘road length’ and ‘mean proximity index’ as 
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well as high ‘mean area size’ indicate a more circular and a less fragmented 
area. Large area and length of ‘surrounding water sources’, low number of 
‘altitude’, ‘aspect’, ‘slope’, ‘mountain volume’, ‘topographic rate’, ‘distance from 
the ocean’, ‘ocean current’, ‘wind current’, temperature’, ‘rainfall’, ‘relative 
humidity’, ‘latitude’, ‘visitors’ and ‘accessibility’ as well as short duration of ‘peak 
visit duration’, ‘blossom’ and ‘animal movement’ indicate an area with less 
climate variability. 
The spatial metrics indicate that the Iranian case studies show a lower level of 
‘area’, ‘perimeters’, ‘shape irregularity’, ‘area number’, ‘mean area size’, ‘edge 
contrast’, ‘mean nearest neighbourhood distance (number)’ and ‘mean proximity 
index (rail and roads)’ compared with the Australian case studies. On the other 
hand, the levels of ‘mean nearest neighbourhood distance (area)’, ‘mean 
proximity index (populated places)’, ‘mean proximity index (major cities)’ and 
‘road length’ are higher in the Iranian case studies. Generally, this indicates that 
the Iranian case studies are located in highly populated landscapes, and 
therefore their traditional use can be considered as an important issue. In 
contrast, the metrics suggests that the Australian case studies are located in 
less populated landscapes.  
The analysis of the spatial metrics indicates that the local community is an 
important management concern for the Iranian case studies. For Golestan 
National Park ‘edge contrast’ and ‘mean proximity index (populated places)’ are 
spatial metrics indicating the local community is an important management 
concern. Khojeir National Park and Sorkhe-hesar National Park have similar 
spatial management issues. For the Parks, high levels of ‘mean proximity index 
(major cities)’, ‘mean proximity index (populated places)’ and ‘road length’ 
indicate that the local community is an important management concern. This 
gives rise to more attention being given to local community activities, 
particularly incompatible and unauthorised activities such as sheep keeping, 
agricultural activities, industrial activities, flower harvesting and animal hunting 
in the Parks surrounding areas. More attention is necessary on the possible 
spatial/temporal impacts of neighbourhood land uses and the local community. 
In addition, the importance of protected areas must be well known by the local 
community.   
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Spatial metrics indicate that a high level of ‘edge contrast’ is evidence of a more 
important management issue in the Grampians National Park. The Park is 
surrounded by incompatible land uses in more than ninety percent of its border. 
In addition, the Park has high a distance level of ‘mean nearest neighbour 
distance’. This indicates that the Park is surrounded by a number of very small 
protected areas. From table 6.6, it can be calculated that the mean area of 
surrounding protected areas is 254 hectares (mean nearest neighbour distance: 
area/numbers: 23,127/91=254 hectares) which is one fourth of the minimum 
area size suggested by IUCN (section 4.5.1). Larger and closer protected areas 
are needed to be established in surrounding areas of the Park. Port Campbell 
National Park shows the highest level of shape irregularity and ‘road length’. 
This indicates that the area of the Park is highly fragmented by roads. The area 
of the Park must be expanded considering area shape criteria. ‘Area number’ 
and ‘mean area size’ indicate the most important spatial issue for Wilsons 
Promontory National Park. The research indicates the importance of protection 
of the area between the large and the small offshore areas of the Park with the 
same level of protection of the Park.  
Compared with the Australian case studies, the Iranian case studies have 
higher altitude. There is no significant difference between the average altitudes 
of the Iranian case studies. However, each of the Australian case studies shows 
differences in the average altitude compared with the other case studies. The 
Iranian case studies have higher slopes compared with the Australian case 
studies. In addition, the Iranian case studies have lower ‘river length’ and ‘water 
source’. Generally, the Iranian case studies have the highest range and 
average annual temperature. Golestan National Park, with minimum ‘water 
source’ and maximum ‘mountain volume’, maximum altitude range and 
maximum slope range and average, has the maximum annual average range of 
temperature. This indicates that the landscape of the Park is highly variable in 
different seasons. In contrast, Wilsons Promontory National Park with maximum 
‘water source’ and low ‘mountain volume’ has the minimum annual average 
range of temperature. Generally, temporal metrics indicate more ‘climate 
variability’ for the Iranian case studies. This suggests a flexible zoning plan for 
the Iranian case studies.  
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6.8.2 The anticipated output of the developed framework 
As indicated in section 6.8.1, analysis of spatial and temporal metrics can lead 
to determine important spatial/temporal management issues of the area. This is 
a quantitative method to identify spatial and temporal issues of protected areas. 
A series of spatial and temporal metrics (table 6.10) needs to be determined for 
the area under study. Using the criteria for analysing spatial and temporal 
metrics (table 6.10), the result can be used to identify the spatial and temporal 
issues of protected areas. Then a planning scenario for spatial and temporal 
issues of protected areas at the landscape scale can be suggested. Comparing 
the determined spatial and temporal metrics for the Iranian case studies and the 
Australian case studies, table 6.11 addresses the management issues and the 
implications of the determined metrics for them. Table 6.11 has been generated 
in the light of the items documented in tables 6.6, 6.8, 6.9 and 6.10.  
For example, high level of ‘edge contrast’ and ‘mean proximity index (populated 
places)’ for Golestan National Park are spatial metrics indicating the local 
community is an important management concern. If the local community is an 
important management concern, more attention had to be given to the possible 
spatial/temporal impacts of neighbourhood land uses and local community. In 
addition, the metrics indicate high ‘climate variability’ for the Iranian case 
studies. Temporal disturbance event such as floods have killed hundreds of the 
park’s visitors and animals in the last decade in Golestan National Park. People 
must be prohibited from going through the Park during flood periods. The road 
must be also closed to visitors at these times. This give rise to the idea of 
having different management plans for different seasons for the case studies 
which is not the ultimate aim of contemporary planning frameworks. This can 
help the park planners not only in protection of the park’s nature but also in 
tourism management. In doing so, a flexible zoning plan is recommended. A 
flexible zoning plan is a plan considering spatial/temporal changes in 
landscape. In a flexible plan, the recreational zone of a park may be managed 
as a conservation zone in a limited period and vice versa (see section 3.3.3). 
For example, a recreational road crossing animal corridors must be closed at 
the time of animal migration or the road may also be closed in the high flood risk 
period.   
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In section 6.8.1, it was discussed that low terrain variation resulted in low 
climate variability for the Australian case studies. In contrast, high terrain 
variability resulted in high climate variability for the Iranian case studies. High 
climate variability, for example, the same as for the Iranian case studies, can 
lead to high risk of natural disaster or a high variation in visitation patterns 
(section 5.3.5). Therefore, managers of protected areas with high terrain 
variability must consider the potential of having high climate variability for the 
area. A flexible zoning plan must be implemented according to different 
seasonal spatial/temporal aspects of a protected area with high climate 
variability.  
Table  6.12 Objectives, study unit, input and output data in the contemporary approach 
and the developed framework 
Landscape ecological planning approach using spatial and 
temporal metrics 
 Contemporary approach: 
Example: Landscape 
suitability, as fundamental 
concept for most protected 
area planning approaches 
The developed framework: 
Using all ecological data required  
The developed framework: 
Using basic data 
Objectives Considering all aspects of the environment  
Considering all aspects of the 
environment including 
spatial/temporal aspects and 
surrounding areas 
Attention to spatial/temporal 
aspects and surrounding areas 
Study unit Administrative areas  Administrative areas with attention to surrounding areas 
Administrative areas with 
attention to surrounding areas 
Input data 
General data (such as 
location of the area, main 
access routes & historical 
information) and site 
analysis (such as biological 
information, physical 
information and socio-
economic information) 
Resource inventory of existing 
natural/cultural factors 
including spatial and temporal 
data  
Spatial and temporal data and 
Resource inventory of existing 
natural/cultural factors related 
to the management issues 
 
Output Management plan, zoning plan 
Management plan, flexible zoning 
plan 
Study on spatial and temporal 
management issues (circularity, 
landscape fragmentation and 
variability) 
When the aim is to study spatial and temporal aspects of protected areas (same 
as the case study in this research project), the developed framework does not 
need detailed data in all aspects of ecological characteristics of the area. 
Therefore, it is a suitable framework especially for areas with lack of detailed 
data. Obviously, detailed ecological data are vital in protected areas 
management and planning however, when time and cost are issues, the 
framework can be used to determine what data must be collected first. Table 
6.12 compares objectives, study unit, input and output data between the 
contemporary approach (chapters three and four) and the developed framework 
for protected areas (chapters five and six). 
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6.8.3 The process of landscape ecological planning approach using 
spatial and temporal metrics 
The process of contemporary ecological planning of protected areas was 
documented in section 3.3.2, figure 3.1. In addition, a basic model of a 
landscape ecological planning approach was documented in section 4.7, figure 
4.13. Figure 6.29 shows a model of a landscape ecological planning approach 
considering major spatial and temporal management aspects of protected areas 
using spatial and temporal metrics. It is a developed model based on the 
process of a contemporary planning approach to protected areas and the basic 
model of landscape ecological planning adding an extra process for 
consideration of spatial and temporal metrics. 
6.9  Conclusion  
In this chapter, the method to calculate the new spatial and temporal data was 
documented followed by analysis of the data. Finally, considering the spatial and 
temporal data required, a new framework for a landscape ecological approach for 
protected area planning using spatial and temporal metrics was developed (section 
6.8). The framework has been found to be useful to identify spatial and temporal 
management issues of protected areas and to determine the level of area 
compaction, spatial fragmentation and temporal variability of protected areas (table 
6.10).  
However, there are a number of limitations of this framework. Firstly, the spatial 
fragmentation and temporal variability criteria are from only the spatial and temporal 
view. Other ecological characteristics of landscape need to be complementarily 
considered to determine the actual potential level. Secondly, more detail will be 
necessary to standardise the criteria. The developed framework is proposed based 
on the results of a case study approach. The results have been determined based on 
the levels of landscape fragmentation and variability. However, there has been no 
attempt to classify the levels in table 6.10. This must form part of future research. 
Future research directions and other limitations of the research will be discussed 
more fully in chapter seven.  
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CHAPTER 7  
REVIEW AND EVALUATION 
7.1  Introduction 
Chapters five and six dealt with the development of a new framework for the 
landscape ecological planning approach by giving more attention to spatial and 
temporal aspects of the protected areas in their surrounding areas. To develop the 
framework, three case studies in Iran and three case studies in Australia were 
investigated.  
This chapter will evaluate the research. The chapter commences with a review of the 
developed framework. Then it will continue with a discussion on the limitations of the 
framework. The limitations will be discussed in three major sections including the 
research objectives, the system of data input and the method adopted for 
implementation of the framework. Evaluation of the research then follows. The 
objectives of this chapter are: 
- to review the developed framework, 
- to discuss the limitations of the framework, and 
- to evaluate the framework. 
7.2  Review of the landscape ecological planning framework  
The landscape ecological planning approach to protected areas is an ecologically 
based approach. The approach can be implemented for different aims and in 
different situations. If the aim is a management plan for the study area, a resource 
inventory of existing natural and cultural factors including spatial and temporal data is 
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needed. It means collecting all data required for ecological planning for protected 
areas (section 3.3.1) and data required for spatial and temporal aspects of protected 
areas (section 6.8). Data must be collected for the study area and its surrounding 
areas. The anticipated output of implementing the basic model of approach for a 
study area could be a planning approach, including a possible flexible zoning plan 
where areas of management zones could be different due to seasonal changes in the 
landscape of the area.  
When detailed ecological data are not available and/or the aim is a study on the 
spatial and temporal aspects of the areas, the developed framework adopted for the 
case studies in this research is suitable. The developed framework relies on existing 
basic data and information such as topographic map, border map and some 
fundamental climate data which can be used to analyse a number of spatial and 
temporal aspects of areas. In this case, the framework can be used to interpret 
landscape configuration and variability. The result can be used to determine spatial 
and temporal management issues of the area at the landscape scale (section 6.8). 
There are a number of limitations of the developed framework that will be discussed 
in the following section. 
7.3  Limitations of the framework 
The limitations of the developed framework will be discussed in three major sections 
including the limitations of the research objectives, the limitations of the data and the 
limitations of the method adopted for implementation of the framework. 
7.3.1 Limitation with the research objective 
With the aim of developing a landscape ecological planning framework using 
spatial and temporal metrics for protected areas, this research has focused on 
spatial and temporal characteristics of the areas rather than on the other 
ecological aspects of the environment such as cultural and aesthetic information 
and socio-economic data. Therefore, the results of the research does not cover 
all management concerns of protected areas.  
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Ecological planning for a protected area may need to consider all the aspects of 
the environment that were mentioned in chapter three. A list of data 
requirements for ecological planning to protected areas were documented in 
section 3.3.1. The list includes two major groups of data including general data 
(such as location of the area, main access routes and historical information) and 
site analysis (such as biological information, physical information and socio-
economic information).    
According to the concept of landscape ecological planning documented in 
chapter four, a basic model of landscape ecological planning considers all the 
data requirements for ecological planning including spatial/temporal data. 
However, the framework implemented for the case studies in chapters five and 
six has more attention to spatial and temporal characteristics of protected 
areas. A number of spatial aspects including size, shape and proximity to 
neighbourhood land uses, and a number of temporal aspects including climate 
variability and visitation patterns, as well as some temporal events such as 
disturbance events, blossom and animal movement, were determined to be 
important for the process of landscape ecological planning for protected areas. 
The importance of the effect of long-term climate change in the management of 
the protected area was documented in section 4.6.1. However, the effect of 
climate change has not been considered in the framework. 
The research did not study all aspects of environmental characteristics of the 
areas. Therefore, the results can be used complementarily to assist protected 
area planners in investigating spatial and temporal management issues of the 
areas. This can help planners to study spatial configuration of the protected 
area and to determine the need for planning differently for different seasons. In 
general, the output of this research does not cover all management issues of 
protected areas.  
For example, the research results indicate that the highway inside Golestan 
National Park is a problem as it has fragmented the park areas into two sections 
(see section 6.6). The highway also is responsible for increasing the number of 
people entering the Park. It is the only highway available for travel between the 
north and north-east of Iran. As other research indicate (for example, 
Madjnoonian et al., 1999), the highway needs to be closed urgently and use of 
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an alternative way is recommended. The idea of closing the highway is 
supported through the research method through the road length metric. 
However, this research does not indicate where the best location for the new 
route would be. In this case, the model developed in this research can indicate 
the problem, and then it can continue with suggesting an ideal plan (closing the 
road). It could indicate a general solution for the case. For a more practical 
solution, further studies may be necessary to indicate the appropriate location 
for the road. 
7.3.2 Data limitation  
The data input system including the data and the software used will be 
discussed in the following two sections:  
The data  
Data availability was one of the most significant limitations for this research. For 
the research aims, digital data with a high level of detail were not available for 
the Iranian case studies. For example, for Khojeir National Park and Sorkhe-
hesar National Park digital maps of the borders of the Parks were not available. 
Hard copies were used to create the border maps. Using old paper maps, it was 
difficult to precisely geo-rectify the location of the parks in digital format. In 
addition, the accuracy of the border of the paper maps was in doubt.  
For the research aims, digital data are available at 1:100,000, 1:50,000 and 
1:25,000 for the Australian case studies. For the Iranian case studies, however, 
digital data are available on maximum resolution based on 1:250,000 map scale 
source. Therefore, to prepare contextual maps including rail and roads, rivers 
and water sources for the Australian case studies, data therefore were limited to 
use at 1:250,000 in order to create maps with the same scale as the Iranian 
case studies. This in fact degraded the quality and accuracy of the Australian 
data used for the research from 1:25,000 to 1:250,000 which is important for the 
accuracy of spatial/temporal metrics.  
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The software  
To prepare maps and most new spatial and temporal metrics, this research 
project has used a GIS computer software called ArcGIS Desktop from ESRI 
(ESRI, 2006). ArcGIS Desktop is used to create, import, edit, query and map 
geographic information. The software is limited to showing statistics such as 
standard deviation, sum, mean, maximum and minimum. These statistical data 
cannot be exported or saved directly in a document file. To be able to save 
these statistical data, the original data must be exported to statistical software 
such as Minitab or Microsoft Office Excel. However, no major limitations were 
found with the software used for the research.   
7.3.3 Limitation with the research method 
There were a number of limitations to the research method. These will be 
discussed in the following sections including the case studies and the method of 
analysis:  
The case studies  
The case studies were selected because of differing proximity to township areas 
as well as different climatic variability, visitation patterns, size and shape. The 
aim was to cover the most possible spatial/temporal aspects of protected areas 
management issues in the study. However, being different in almost all aspects 
of spatial and temporal characteristics produced a number of difficulties in 
analysing the results. 
As mentioned, the case studies are different in area and have different shapes. 
Port Campbell National Park is a linear and coastal protected area with a 
maximum width of two kilometres and the lowest rank of regularity. The area of 
the Grampians National Park is 85 times larger than Port Campbell National 
Park. Golestan National Park is 46 times, Wilsons Promontory National Park 25 
times, and Khojeir National Park and Sorkhe-hesar National Parks are 5 times 
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larger than Port Campbell National Park. This shows a high range of difference 
in the parks’ areas.  
The differences in area of the case studies can make the process of analysis of 
metrics such as ‘mean area size’ more complicated in a comparison study. 
‘Mean area size’ was used in the research to interpret fragmentation of the 
areas. Port Campbell National Park has the lowest level of ‘mean area size’, but 
this metric alone cannot be considered as fragmentation evidence for the Park, 
as the Park has the smallest area, and a low level of ‘area number’. Low ‘mean 
area size’ and high level of ‘area number’ in Wilsons Promontory National Park 
indicate a high level of fragmentation. Being a coastal park with 32 offshore 
sites can be considered as the reason behind the low level of ‘mean area size’ 
for Wilsons Promontory National Park. This means a quantitative method with 
uncertainty in the numbers. Therefore, ‘area size’, ‘area’ and ‘area number’ 
were interpreted complementarily.  
Six study areas were selected to examine the framework in the real world. As 
mentioned, data availability was one of the most significant limitations for this 
research. Due to lack of detailed data for Iranian protected areas, study areas 
were limited to six case studies. Three case studies in Iran and three case 
studies in Australia were selected for the case study approach. Standardising 
the results with six case studies is not statistically significant. A number of 
further research studies are necessary to standardise the results.     
The analysis  
A number of methods were used to analyse the data in this research. 
The influence zone maps were created using ten distance intervals (see section 
6.5.2). There is uncertainty in the appropriate number of distance intervals for 
the influence zone. In addition, the ten ring zones were weighted differently with 
an equal interval. In reality, it could be unequal. In addition, weighting could be 
unequal for different landscape elements. The weighting interval could be 
different for different landscapes based on the ecological characteristics of the 
environment. Maximum influence distance for a major city was considered 500 
kilometres for this research. In reality, it may be less or more depending on the 
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size of the city, its population and other social and economical characteristics of 
the city. In addition, maximum influence distance can be less or more 
depending on the park management policy, the size of the protected area and 
other social and ecological characteristics of the park such as the park 
accessibility and recreational capacity. In this research project, there has been 
no attempt to validate the influence distance for each case study separately. 
The research relied on literature to consider a common influence distance for all 
of the case studies for the comparison study. To use the framework of the 
research in the actual process of planning for a protected area, it is important to 
choose an appropriate number of distance intervals with appropriate weighting 
for the zones according to local characteristics of the area under study. 
A number of spatial metrics were determined to study spatial configuration of 
the areas. Considering just one metric may mislead the planners of the 
protected area. For example, ‘area’ and ‘area number’ are complementary and 
cannot be interpreted alone. A protected area may be large in ‘area’ but high in 
‘area number’, and contain many small fragmented areas. Therefore, the 
protected area may not be considered as a park of suitable size. All of the 
spatial metrics must be considered in the process of analysing spatial metrics. 
For the case studies, ‘road length’ was calculated as a spatial index of 
development level, accessibility and fragmentation of the areas. The metric 
considers the total length of roads in the area of a park. Compared with the 
other case studies, Golestan National Park shows the minimum ‘road length’. 
Low level of ‘road length’ suggests low fragmentation in area and low influence 
by local community activities. However, the road inside Golestan National Park 
is an important management issue for the Park. In this case, low ‘road length’ 
can mislead the park planners. The road is an important one because it is the 
only highway available for travel between the north and north-east of Iran. In 
addition to the length, roads should be weighted according to their traffic and 
width. However, no detailed information for the road traffic for the Iranian case 
studies is available. Therefore, for the case studies, there has been no attempt 
to weigh the importance of the roads in a quantitative method. The importance 
of the roads, however, was considered in the process of analysing and 
interpreting the results. Generally, considering the road length metric without 
the supporting data and information can mislead the park planners.   
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This research has applied a number of temporal metrics to study variability of 
the areas. It is possible to calculate ‘river length’, ‘water sources‘, ‘distance from 
the ocean‘ and ‘landform metrics’ using existing topographic maps and data in 
GIS. These maps and data are available for almost the entire world. However, 
temporal metrics such as ‘visitation patterns’ and ‘temporal events’ are 
dependent on the existing data from other research, or need to be studied for 
the landscape ecological planning framework. No detailed information for 
visitation patterns and temporal events such as disturbance events, blossom 
and animal movement for the Iranian case studies is available. Therefore, no 
metrics were determined for these variables for the case studies.  
In addition, the research has determined the location of possible maximum 
‘climate variability’ in the area in a map called ‘landform variety rate’ for each 
case study. The maps can be presented with different levels of ‘landform 
variety. In this research project, the maps are presented with three levels of 
‘landform variety rate’. It is possible to determine the maps with less (minimum 
2) or more levels. The maximum for Wilsons Promontory National Park was 
determined as 662 landform levels for this research through a GIS map 
calculation. The number of levels can be considered as a management 
concern. The appropriate level of ‘landform variety rate’ can be different for 
different protected areas. More levels of ‘landform variety rate’ can be 
considered for a protected area with a higher range of landform in all aspects 
including altitude, aspect and slope. A few numbers of levels can be enough for 
a protected area like Port Campbell National Park due to its physical features. 
The park is a coastal area with a maximum altitude of less than 150 metres. 
There has been no attempt to validate separately the levels for each case study 
in this research. The maps can be validated for each case depending on its 
local characteristics for actual management purposes.    
In section 6.8, a list of spatial and temporal criteria to assist interpretation of 
spatial configuration and temporal variability of protected areas was 
documented. The criteria were categorised in a qualitative method. Three levels 
such as low, moderate and high or small, medium and big were considered to 
explain each criterion. Using this table to analyse a single study area is difficult 
in a qualitative method. However, it is difficult to produce a spatial/temporal 
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model in a quantitative method. Some metrics such as parks areas cannot be 
limited to a particular number. In addition, criterion for some metrics is 
complementary and depends on other metrics. In addition, developing a 
standard quantitative model with six case studies is not statistically significant. 
Therefore, the table was produced based on a qualitative method. 
7.4  Evaluation of the framework 
Considering the research limitations, this section will evaluate the output of the 
developed framework in comparison with the output of a contemporary planning 
approach to protected areas.  
Definitions of a number of different ecological approaches including landscape 
suitability, applied ecosystem approach, landscape value and applied human ecology 
were documented in chapter three. None of these planning approaches consider 
spatial and temporal aspects of protected areas in detail. Landscape suitability, as a 
fundamental concept of contemporary planning approaches for most protected area 
planning approaches considers past, present and perhaps some prediction of future 
characteristics of the environment of the areas (see chapter three for more detail). 
However, as indicated for the case studies in chapter five, the contemporary 
approach for protected areas considers general data and information about spatial 
and temporal characteristics of landscape such as size, maximum and minimum 
annual temperature. The necessity of consideration of spatial and temporal aspects 
of protected areas in detail was documented in chapter four. As indicated in chapter 
five, there is not enough attention to spatial and temporal aspects of protected areas. 
Floods in Golestan National Park have killed hundreds of the park’s visitors and 
animals in the last decade. People must be prohibited from going through the Park 
during flood periods. The road must be also closed to visitors at these times. The 
idea of temporary closing the road is supported through the research by suggesting a 
flexible zoning plan. 
This research thesis developed a new framework of ecological planning with 
attention to the spatial and temporal characteristics of protected areas in their 
neighbourhood context. Certain spatial and temporal metrics were recommended to 
analyse configuration and variability of areas. The results can be used to determine 
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spatial and temporal management issues. Then a planning scenario for spatial and 
temporal issues of protected areas at the landscape scale can be suggested. 
One of the most significant limitations of this research is data availability. Lack of 
data can be an important limitation for every research study. However, relying on 
existing basic data and information such as topographic maps, border maps and 
some fundamental climate data, the framework was developed through determining a 
number of spatial and temporal metrics. The results were used to interpret spatial 
and temporal issues with the areas. When the aim is to study spatial and temporal 
aspects of protected areas, the developed framework does not need detailed data in 
all aspects of the ecological characteristics of the area (table 6.12). Therefore, it is a 
suitable framework particularly for areas with a lack of detailed data. In addition, 
when all data required are available, the developed framework has the potential to 
suggest a flexible zoning plan which is not the ultimate aim of contemporary planning 
frameworks (table 6.12).  
7.5  Conclusion 
In this chapter, the thesis was evaluated from different aspects. A number of 
limitations were documented with the research objective, the data and software used, 
the case studies, the analysis undertaken and the research adapted. This gives rise 
to further research to cover the limitations that will be discussed in the next chapter. 
In addition, the research was evaluated in this chapter. The evaluation indicated that 
the developed framework, compared with contemporary planning approaches for 
protected areas, has potentially different output. The developed framework was 
indicated as a suitable approach for suggesting a flexible zoning plan which is not the 
ultimate aim of contemporary approaches. In addition, it was indicated that when the 
aim is to study spatial and temporal aspects of protected areas, the framework does 
not need detailed data in all aspects of ecological characteristics of the area. 
Therefore, it is a suitable framework particularly for areas with a lack of detailed data.  
The next chapter will continue with a discussion on whether the objective has been 
met. Then, the chapter summarise the major findings of the research. Then further 
research relating to this thesis will be recommended. 
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CHAPTER 8  
CONCLUSION 
8.1  Introduction 
 
This research project has led to a new framework for landscape ecological planning 
for protected areas using a range of spatial and temporal metrics. The thesis argues 
that spatial and temporal metrics can be used in planning for protected areas. Three 
case studies in Iran and three case studies in Australia were selected to determine 
what spatial/temporal data are actually important in protected areas management. 
Using a number of spatial and temporal metrics, the basic model of landscape 
ecological planning was applied to the case studies at landscape level. The results 
proved that the study of spatial and temporal characteristics of protected areas can 
be used to determine many of the management issues relating to protected areas. 
The model was developed considering the results of the implementation of the 
metrics in the case studies.  
This chapter discusses whether the research questions were answered. Then the 
chapter discusses if the research objective was met. A summary of the major findings 
of this research will be given. The chapter concludes by summarising research 
limitations and looking at some directions for further research that have been raised 
through the conducting of this thesis. Generally, the following questions will be 
addressed in this chapter:  
- Were the research questions answered and how and where?  
- Did the resolution of the research questions meet the research 
objective?  
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- What are the major research findings? 
- What are the limitations of the research? 
Further research is also considered. 
8.2  Were the research questions answered? 
A number of research questions were answered through the research chapters. The 
outcomes of answering each question assisted in constructing a framework to reach 
the research objective that will be dealt with in section 8.3. Whether the research 
questions were answered and how and where will be discussed in this section. 
- For what purposes are protected areas planned for? How have these 
purposes changed over time? How have planning approaches for 
protected areas changed over time? 
In chapter two a discussion on changes in aims of protected area planning through 
time was documented. The chapter starts with a history of protected area planning. 
Then it continues with a discussion on changes in the need for protected area 
planning through time. The chapter documented that the purposes of protected area 
planning changed from personal/individual human needs to environmental protection 
from a local perspective, then from a local to a national perspective, and then from a 
national to an international perspective. It changed from an anthropocentric basis to a 
nature basis. Changes in management objectives and changes in human knowledge 
in land management were recognised as a driving force behind a series of new 
planning approaches such as landscape ecological planning. The chapter concludes 
with the importance of consideration of protected areas in their surrounding 
landscape in an ecological context. 
- What are the various contemporary approaches to planning for 
protected areas? 
Various contemporary approaches to ecological planning for protected areas were 
documented in chapter three. The chapter starts with a definition of planning. The 
chapter continues with an introduction to ecologically based approaches to protected 
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area planning as the most common process of land use planning. It includes a list of 
data required and the process of ecological planning for protected areas according to 
contemporary ecological planning approaches. Zoning as a method of implementing 
ecological approaches to planning in protected areas was also discussed in this 
chapter. The landscape ecological planning approach as the main approach in this 
research study was discussed in detail in chapter four.  
- How does the shape and context of a protected area influence how it is 
managed? 
- What are the temporal issues that impact on protected area planning? 
Over what time scales should planners be considering these temporal 
changes? 
Spatial and temporal issues in protected areas were discussed in chapter four. The 
chapter starts with a definition of landscape and a history of changes in landscape. It 
continues with an introduction to a landscape ecological planning approach. Then 
spatial and temporal aspects of protected areas are discussed in detail. As a result, a 
list of spatial data and a list of temporal data requirements for the implementation of 
landscape ecological planning are documented. Three major groups of spatial 
aspects (size, shape and neighbourhood land uses) and three major groups of 
temporal aspects (climate variability, visitation patterns and temporal events such as 
disturbance events, blossom and animal movement) were recognised as the most 
important spatial and temporal aspects of protected areas. It was indicated that data 
about spatial and temporal aspects of protected areas must be added to the list of 
data requirements for ecological planning for protected areas. It was called ‘data 
requirements for landscape ecological planning’. Then the chapter concludes by 
developing a basic planning model of the process of landscape ecological planning 
considering spatial and temporal aspects. 
- How can the shape, context and temporal changes that take place in a 
protected area be considered in contemporary protected area planning? 
In chapter five a case study method was used to determine how spatial/temporal 
data actually can be considered in protected area management. Study areas were 
selected having different spatial and temporal aspects. Three case studies in Iran 
and three case studies from Australia were studied. The chapter reviews protected 
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area management in Iran, the Iranian case studies, their location, their environmental 
characteristics and their management issues. Then, the chapter continues with an 
introduction to protected areas in Australia. It continues with the case studies from 
Australia in the State of Victoria: their location, their environmental characteristics 
and their management issues. Golestan National Park is one of the most important 
national parks in Iran. The Park presents a rich biodiversity area. However, the Park 
is fragmented by a highway. Khojeir National Park and Sorkhe-hesar National Park 
are located between the mountainous areas of Alborz and the desert plain of Dashte-
kavir. Therefore, their landscapes are a combination of mountains and desert, and 
they are rich in plant diversity. Khojeir National Park and Sorkhe-hesar National Park 
are located in one of the most developed areas in Iran. They are close to the capital 
of Iran, Tehran. The Grampians National Park is a mountainous terrestrial protected 
area with an irregular shape close to township areas. Port Campbell National Park is 
a small coastal protected area with a linear shape. It is located on the Great Ocean 
Road which is a high tourist destination. Wilsons Promontory National Park is a big 
peninsula area with a number of small offshore areas and close to township areas.  
Then the chapter continues with a discussion on similarities and disparities between 
Iranian and Australian management plans. Then it identifies the actual spatial and 
temporal issues for each of the case studies. This indicates that management issues 
of protected areas can be studied from spatial and temporal aspects. The basic 
framework of data required for landscape ecological planning (documented in 
chapter four) was developed through the case study approach by highlighting the 
importance of road metric in the process of planning for protected areas. It is 
important to consider the influence of roads on protected areas. Roads may have a 
negative impact on the environment by landscape fragmentation, increasing erosion 
and bringing more people into the protected areas. Roads can also change the 
natural landscape of protected areas to developed landscape or change spatial 
characteristics of the areas. Finally, the chapter concludes with a list of important 
spatial and temporal data of all the parks. The implementations of this list are 
discussed in detail in section 6.8. The important spatial and temporal data were 
determined and analysed for the case studies in chapter six.  
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8.3  Did the resolution of the research questions meet the 
research objective? 
The thesis has focused on addressing the research objective: 
to develop a framework to enhance the existing landscape ecological 
approach to protected area planning using spatial and temporal metrics. 
This objective raised a number of research questions. As mentioned in section 8.2, 
the research questions were answered through the research chapters. The resolution 
of the research questions were used to provide a list of important spatial and 
temporal data of protected areas (table 6.10). The list can be used to assist in the 
interpretation of spatial configuration and temporal variability of protected areas. This 
can lead to identifying the spatial and temporal management issues of protected 
areas. As mentioned in detail in section 6.8.2, the results can be used to suggest a 
planning scenario for spatial and temporal issues of protected areas at the landscape 
scale. The results were also used to develop a framework to enhance the existing 
process of the landscape ecological approach to protected areas planning using 
spatial and temporal metrics (section 6.8.3). Figure 6.29 shows how spatial and 
temporal aspects can be included into the process of management of the protected 
areas.  
8.4  Major findings 
The major findings were as follows:  
• The importance of spatial and temporal aspects of protected 
areas: The essence of this thesis was its attention to the use of spatial 
and temporal data in planning for protected areas. The theoretical studies 
documented in chapter four indicate that protected areas can be studied 
from a spatial and temporal perspective. This was supported through a 
case study methodology. Three protected areas in Iran and three 
protected areas in Australia were selected as case studies. The results of 
the case study approach indicate that the management issues of the case 
studies can be seen from spatial and temporal perspectives. This can be 
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undertaken using some basic data such as a park’s boundary and 
topography as well as basic climate data. The developed framework was 
found useful for the park planners by indicating spatial/temporal 
management issues (if any) in the area under study.  
• Key spatial aspects: The research identified important spatial aspects 
for protected areas. Size, shape and neighbourhood land uses were 
indicated as the major spatial aspects of the protected areas for the 
process of landscape ecological planning. There are hundreds of metrics 
that have been developed to analyse landscape structure. This thesis 
applied twelve metrics to the study of spatial aspects for the case studies. 
However, as table 6.10 shows, the results conclude the following eleven 
metrics as important spatial metrics in protected areas planning: ‘area’, 
‘area compaction’, ‘perimeters’, ‘area number’, ‘mean area size’, 
‘contagion’, ‘landscape richness’, ‘edge contrast’, ‘mean nearest 
neighbourhood’, ‘mean proximity index’ and ‘road length’.  
• Spatial management issues of the Iranian case studies: The 
analysis of the spatial metrics indicates that the local community is an 
important management concern for the Iranian case studies. For Golestan 
National Park, high levels of ‘edge contrast’ and ‘mean proximity index 
(populated places)’ indicate that local community is an important 
management concern. For Khojeir National Park and Sorkhe-hesar 
National Park, high levels of ‘mean proximity index (major cities, populated 
places and rail & roads)’ indicate that local community management is an 
important concern. The metrics indicate that the Iranian case studies are 
located in highly populated landscapes. This gives rise to more attention 
being given to local community activities particularly incompatible and 
unauthorised activities such as sheep keeping, agricultural activities, 
industrial activities, flower harvesting and animal hunting in the park’s 
surrounding areas. More attention is necessary on the possible 
spatial/temporal impacts of neighbourhood land uses and local 
community. In addition, the importance of protected areas must be well 
known by the local community.   
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 8 - Conclusion 225 
• Spatial management issues of the Australian case studies: Spatial 
metrics indicate ‘edge contrast’ as an important management issue for the 
Grampians National Park. The Park is surrounded by incompatible land 
uses in more than ninety percent of its border. In addition, the Park has a 
high distance level of ‘mean nearest neighbour distance’ (see section 6.6). 
This indicates that the Park is surrounded by a number of small protected 
areas. From table 6.6, it can be calculated that the mean area of the 
surrounding protected areas is 254 hectares (mean nearest neighbour 
distance: area/numbers: 23,127/91=254 hectares) which is one fourth of 
the minimum area size suggested by IUCN (section 4.5.1). Larger and 
closer protected areas are needed to be established in surrounding areas 
of the Park. Port Campbell National Park shows the highest level of shape 
irregularity and ‘road length’. This indicates that the area of the Park is 
highly fragmented by roads. As Bennett (1999) mentioned, fragmentation 
is one of the reasons responsible for extinction of plants and animals as 
the full implications of ecological changes take effect. As mentioned in 
section 5.4.4, the Park has 1.9 million visitors annually and this number is 
increasing. Only 6 hectares of the Park’s areas have been recognised as 
suitable for intensive recreational activities. Most outlooks and car parks 
are overcrowded in the peak season. Erosion problems can be a potential 
management issue in the peak visitation periods. In addition, disturbance 
by visitors is a problem for some bird species in the Park. The area of the 
Park must be expanded considering area shape criteria. ‘Area number’ 
and ‘mean area size’ indicate the most important spatial issue for Wilsons 
Promontory National Park which is mostly because of natural distribution 
of the small offshore areas of the Park. The research indicates the 
importance of protection of the area between the large and the small 
offshore areas of the Park with the same level of protection applied to the 
Park.  
• Key temporal aspects: The research identified important temporal 
aspects for protected areas. Climate variability, visitation patterns and 
some temporal events such as disturbance events, blossom and animal 
movement were indicated as the major temporal aspects of protected 
areas for landscape ecological planning. A list of data requirements to 
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study temporal aspects of area was identified in table 6.10 including: 
‘altitude’, ‘aspect’, ‘slope’, ‘mountain volume’, ‘topographic variability rate’, 
‘area of surrounding water sources’, ‘distance from the ocean’, ‘ocean 
current’, ‘wind current’, ‘temperature’, ‘rainfall’, ‘relative humidity’, ‘latitude’, 
‘number of visitors’, ‘peak visit duration’, ‘proximity to cities’, ‘accessibility’ 
as well as ‘time and duration of disturbance events’, ‘blossom’ and ‘animal 
movement’.  
• Temporal management issues of the case studies: The temporal 
metrics indicate that compared with the Australian case studies, the 
Iranian case studies have higher ‘climate variability’. The Iranian case 
studies show higher levels of ‘altitude’ and ‘slope’. In addition, the Iranian 
case studies have lower ‘river length’ and ‘water source area’. This can be 
the reason behind the higher range and average of annual ‘temperature’ 
and ‘rainfall’ in the Iranian case studies which have led to a higher range 
of landscape characteristics. Golestan National Park, for example, with 
maximum ‘mountain volume’, maximum ‘altitude’ range and maximum 
‘slope’ range and minimum ‘water source area’ shows maximum annual 
average range of ‘temperature’ and ‘rainfall’. Landscape of the Park is 
highly variable in different seasons (see section 5.6). In contrast, Port 
Campbell National Park and Wilsons Promontory National Park with 
maximum ‘water source’ and low ‘mountain volume’ show minimum annual 
average range of ‘temperature’, and therefore less annual changes in their 
landscape compared with Golestan National Park. For the Iranian case 
studies, high level of ‘climate variability’ indicates high level of changes in 
the environmental characteristics of protected areas at annual scales. 
Changes in the natural environmental process of protected areas such as 
changes in land cover, animal distribution, and flood and fire can lead to 
change in visitation patterns. This gives rise to the idea of having different 
management plans for different seasons. This can help the park planners 
not only in protection of the park’s nature but also in tourism management. 
In doing so, a flexible zoning plan is recommended. A flexible zoning plan 
is a plan considering spatial/temporal changes in landscape. In a flexible 
plan, the recreational zone of a park may be managed as a conservation 
zone in a limited period and vice versa (see section 3.3.3). For example, a 
Landscape ecological planning for protected areas using spatial and temporal metrics 
 
 
Chapter 8 - Conclusion 227 
recreational road crossing animal corridors must be closed to visitors at 
the time of animal migration. The road may also be closed at the high 
flood risk times.  
• A method to map climate variability rate: The research project 
presented a quantitative method to indicate the area of maximum potential 
for climate variability in the protected areas. For each case study, a map of 
landform topographic variety rate was determined by overlaying focal 
statistics maps of altitude, aspect and slope (figures 6.27 & 6.28). The 
results show the location of, for example, the maximum variety of 
landform. This could be the possible location of maximum climate 
variability in the area which may have the maximum range of temperature. 
Range of temperature change is an important factor for tourism 
management. Tourists must be informed if they are going to an area within 
the park with a high range of climate change. This is a useful method 
particularly when detailed ecological data and information are not available 
for the park area. This could be utilised as a supporting tool in the process 
of protected area planning.  
• A list of spatial and temporal criteria: The research developed a list 
of spatial and temporal criteria to assist interpretation of spatial 
configuration and temporal variability of protected areas (see section 6.8). 
The list was developed for a comparative study, however, the criteria can 
be used to interpret spatial and temporal situation of an area under study. 
This can help park planners to determine spatial and temporal 
management issues of protected areas using certain spatial and temporal 
metrics. A number of spatial and temporal management issues were 
determined for the case studies. Then planning scenarios for spatial and 
temporal issues of protected areas at the landscape scale were suggested 
(detail in section 6.8). 
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8.5  Limitations of the research 
The research limitations were documented in chapter seven. The chapter started with 
a review of the research. It then continued with a discussion on the limitations of the 
research objective, the data, the software, the case studies and the analysis 
undertaken. Finally, the developed framework was evaluated. The research objective 
was indicated as the reason behind more attention being given to spatial and 
temporal aspects of protected areas in the research framework. Data availability was 
recognised as a major limitation for the research. Generally, no major software 
limitations were found. The different areas of each case study was found to be one of 
the most important limitations. The differences in areas of the case studies produced 
uncertainty in analysing and interpreting the metrics such as ‘mean area size’.  
As mentioned in section 6.5.2, the influence zone maps were created using ten 
distance intervals. There is uncertainty in the appropriate number of distance interval 
for the influence zone. In addition, the ten distance interval areas were weighted 
differently with an equal interval. In reality, it could be unequal. In addition, weighting 
could be unequal for different landscape elements. The weighting interval could be 
different for different landscapes based on their ecological characteristics. To use the 
developed framework in the actual process of planning for a protected area, it is 
important to choose an appropriate number of distance intervals with appropriate 
weight for influence zones according to local characteristics of the area under study.  
The developed framework for landscape ecological planning was found useful to 
explain landscape configuration and to discuss landscape variability of protected 
areas at landscape level. However, it was shown that the framework can indicate 
spatial and temporal problems, and then it can continue to suggest an ideal plan. The 
result was recognised as a general solution for some cases.  
8.6   Further research 
In relation to this research, there are a number of areas where future research is 
required.  
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8.6.1 Developing of all data required for the protected areas 
 
As mentioned in section 7.3, there were some limitations with the availability 
and quality of the data in this research. In section 5.8 the need for data visitation 
patterns, disturbance events, blossom and animal movements was mentioned. 
Obviously, more temporal metrics could be analysed if these mentioned data 
were available. It is important to consider the effect of long-term climate change 
in the management of the protected area. A number of climate change scenario 
generators such as OzClim (CSIRO, 2007) can be used to explain future 
climatic changes. 
Having detailed data on visitation patterns and temporal events could lead to a 
clearer understanding of the relationships between spatial and temporal 
changes in the case studies. It could lead to the idea of developing a flexible 
zoning plan for each case area. Cullingworth and Caves (2003) state zoning 
initially is a rigid approach. There is a need for flexible zoning plans as the real 
world is changing (see section 3.3.3). 
8.6.2 Determining of zone of influence for the protected areas 
Zone of influence was defined in chapter three. This includes the farthest reach 
of external activities which may have an impact on the protected area. For 
example, the zone includes the farthest city with a significant number of visitors 
to the protected area. This research project supports the idea of determining the 
zone of influence for the protected areas. The zone can include the location of 
all human activities related to landscape of the protected area such as 
settlement areas, roads, agricultural and industrial activities. In addition, it can 
include the location of temporal natural events. Size and shape of the zone can 
be varied depending on the local characteristics of the protected area and its 
surrounding areas. It also can be varied seasonally due to temporal changes in 
landscape. Based on the definition of the word influence, the zone can be used 
for both positive and negative influence on the area. The protected area itself 
can influence its surroundings, however, the negative impact of external human 
activities and natural events are more important to consider.     
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8.6.3 Determining of landscape of the protected areas 
In chapter four, a protected area was defined as a landscape unit. However, in 
chapter six, the case studies were studied considering their surrounding areas 
in their influence zones (see section 6.5.2).  
The zone of influence can be considered as a fundamental guideline to 
determine the ‘landscape’ of a protected area. However, there is a difference 
between the zone of influence and the landscape of a protected area. In fact, 
this thesis defines landscape of a protected area as an area covering the park 
area and all possible zones outside the protected area such as the park buffer 
zone, neighbourhood zone and zone of influence. Size and shape of 
‘landscape’ of a protected area must fulfil the spatial criteria for a more circular 
and less fragmented area and it must include consideration of all the temporal 
changes in the surrounding areas (see table 6.10 for the criteria). Therefore, the 
landscape of a protected area can be defined as: the most possible spatially 
stable size and shape of a protected area covering the park administrative land 
and its surrounding areas where all other spatial and temporal human activities 
and natural events related to the park may happen. 
The landscape of a protected area can be determined at different scales 
depending on the research objectives. In addition, for different objectives, a 
different range of criteria may apply to determine the area of landscape. 
Determination of the landscape of the park can be useful for the park planners 
and manager to have a better understanding of the relation between the 
protected area and its surrounding areas. 
8.6.4 Examining of the framework at different scales 
As mentioned in chapter four, the approach has been done at macro scale. 
However, as Dramstad et al. (1996) noticed landscapes can be seen at three 
different scales including macro, meso and micro. At the meso scale, each 
management zone of the park can be designated as a landscape unit. At micro 
scale, areas with a particular development plan (for example, a parking lot or a 
picnic area) can be considered as a landscape unit. The environmental 
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characteristics of the surrounding areas of each landscape unit must be 
considered and appropriate spatial/temporal criteria must be defined according 
to the objectives of the plan. Applying the developed framework at different 
landscape scales can be used for an area under study. This can be useful for 
the park planners and manager to have a better understanding of the relation 
between the components of the park and their surrounding areas. In addition, it 
can lead to a more spatially stable area and a more temporally flexible 
management plan for protected areas.   
8.6.5 Establishing of quantitative spatial/temporal criteria 
In section 6.8 a list of spatial and temporal criteria to assist interpretation of 
spatial configuration and temporal variability of protected areas was 
documented. Although the approach adopted for the research is quantitative, 
the criteria for the table are qualitative. The criteria were categorised using a 
qualitative method. Three levels such as low, moderate and high, or small, 
medium and large were considered to explain each criterion. Using the table to 
analyse other protected areas could be difficult without quantitative criteria. It 
was noted that some criteria cannot be limited to a particular number, and 
therefore it is difficult to be determined in a quantitative method. However, other 
criteria can be determined using a quantitative method. It is not difficult for 
criteria such as area compaction, contagion, landscape richness and edge 
contrast to be presented in a quantitative method. Examining the possibility of 
presenting the rest of the criteria in a quantitative method is recommended. 
More case studies are needed to have a statistically significant result.  
8.7  Conclusion 
This thesis has developed a framework to enhance existing landscape ecological 
approaches to protected area planning, using spatial and temporal metrics. 
Considering landscape ecological concepts, this framework draws upon spatial and 
temporal characteristics of protected areas to explain area compaction, land 
fragmentation and temporal variability of the areas.  
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Initially a basic model of landscape ecological planning for protected areas was 
developed according to the concept of landscape ecological planning with attention 
to spatial and temporal aspects of landscape. In order to examine the model in the 
real world, the data requirements for landscape ecological planning were 
implemented following a case study method. The framework was developed for three 
case studies in Iran and three case studies in Australia. The case studies provided a 
high range of spatial/temporal differences, however, there were a number of 
limitations with the case studies such as lack of detailed data and information on the 
Iranian case studies. A number of metrics were applied in order to quantify 
spatial/temporal aspects of the protected areas.  
The basic framework of data required for landscape ecological planning was 
developed through the case study approach by highlighting the importance of road 
metric in the process of planning for protected areas. In addition, the case study 
approach proved the ability of the developed framework in interpretation of area 
compaction, landscape fragmentation and variability. Furthermore, a list of spatial 
and temporal criteria was developed to assist interpretation of spatial fragmentation 
and temporal variability of protected areas.  
Using the list of spatial and temporal criteria, a new framework to indicate spatial and 
temporal management issues of protected areas was developed. When the aim is to 
study spatial and temporal aspects of protected areas, the developed framework 
does not need detailed data in all ecological aspects of the environment. The 
developed framework has the potential to be applied to all protected areas even 
where detailed ecological data and information are not available. In addition, when all 
data required are available, the developed framework has the potential to suggest a 
flexible zoning plan. 
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